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MIOSPORES  FROM  THE  DRYBROOK  SANDSTONE 
AND  ASSOCIATED  MEASURES  IN  THE  FOREST 
OF  DEAN  BASIN,  GLOUCESTERSHIRE 

by  H.  J.  SULLIVAN 


Abstract.  Miospore  assemblages  are  described  from  two  horizons  in  rocks  formerly  regarded  as  comprising 
the  Dry  brook  Sandstone  of  the  Forest  of  Dean.  The  lower  assemblage  was  obtained  from  a shaly  intercalation 
in  a typical  development  of  massive  pink  or  white  sandstones,  and  the  palynological  evidence  confirms  the  Upper 
Visean  (Seminula  Zone)  age  of  these  deposits.  The  higher  horizon  was  a lenticular  coal  (herein  designated  the 
Edgehills  coal)  in  a sequence  of  coarse  sandstones  and  conglomerates  and  the  miospores  from  the  coal  indicated 
a much  higher  stratigraphical  position,  probably  Lower  Westphalian  A.  This  is  the  first  time  strata  of  an  age 
between  Upper  Visean  and  Westphalian  D have  been  identified  in  the  Forest  of  Dean.  On  the  basis  of  this 
discovery,  it  is  now  possible  to  assess  the  roles  played  by  the  Sudetic  and  Malvernian  movements  in  the  structural 
evolution  of  the  basin. 

In  the  systematic  description  of  the  assemblages,  two  new  gtntra  Fabasporites  ?LnA  Cribrosporites  are  proposed, 
and  a total  of  eighteen  new  species  erected.  Evidence  is  presented  to  show  that  CaUisporites  should  be  regarded 
as  a junior  synonym  of  Savitrisporites.  Twelve  new  name  combinations  are  suggested. 

T HE  Forest  of  Dean  basin  is  an  outlier  of  Carboniferous  rocks,  10  miles  in  a north-south 
direction  and  6f  miles  from  east  to  west,  which  lies  between  the  Wye  Valley  and  the 
apex  of  the  Severn  Estuary.  The  Coal  Measures  rest  unconformably  on  the  Lower 
Carboniferous  rocks  over  much  of  their  outcrop,  but  along  the  south-eastern  margin 
of  the  basin  they  transgress  on  to  the  Brownstones  of  Lower  Old  Red  Sandstone  age 
(text-fig.  1). 

This  paper  describes  spore  assemblages  which  were  obtained  from  two  horizons  in 
the  Drybrook  Sandstone  of  the  Wigpool  syncline  at  the  north-eastern  extremity  of  the 
Forest  of  Dean  (text-fig.  1).  The  samples,  one  a coal  and  the  other  a shale,  were  collected 
from  two  quarries  160  yards  south  of  the  A 4136  Monmouth  to  Mitcheldean  road  on 
Plump  Hill  near  Mitcheldean.  These  exposures  form  part  of  the  well-known  Plump  Hill 
section  which  provides  one  of  the  best  traverses  through  the  Lower  Carboniferous 
rocks  of  the  Forest  of  Dean. 

The  name  ‘Drybrook  Sandstone’  was  proposed  by  Sibly  (1912,  p.  420)  for  the  arena- 
ceous development  at  the  top  of  the  Main  Limestone  in  the  Forest  of  Dean  basin.  These 
rocks  had  formerly  been  referred  to  as  ‘Millstone  Grit’ ; their  Lower  Carboniferous  age 
was  first  recognized  by  Vaughan  (1905,  pp.  251-2)  and  a more  precise  dating  as  Main 
Seminula  Zone  [S,]  was  later  given  by  Sibly  (1918,  p.  25)  on  the  basis  of  brachiopods 
obtained  from  a calcareous  intercalation  within  the  formation,  the  Drybrook  Limestone 
of  Trotter  (1942,  p.  12). 

The  tripartite  division  of  the  Drybrook  Sandstone  formation — two  sandstone  layers 
separated  by  the  Drybrook  Limestone — is  known  only  from  the  southern  part  of  the 
Forest  of  Dean  basin.  As  the  rocks  are  traced  northwards,  there  is  a lateral  passage  of 
limestone  into  sandstone ; the  sandstones  become  coarser  in  grade,  and  bands  of  quartz 
conglomerates  appear  more  frequently.  A progressive  northward  attenuation  accom- 
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panies  this  facies  change,  and  there  is  also  a reduction  in  thickness  due  to  the  uncon- 
formity at  the  base  of  the  Trenchard  Group  of  Upper  Coal  Measures  age.  A synthesis 
of  the  areal  distribution  and  facies  changes  within  the  Lower  Carboniferous  is  given  by 
Kellaway  and  Welch  (1955),  who  suggested  that  the  Drybrook  Sandstone  of  the  type 
locality  of  Drybrook  village  may  be  represented  by  only  the  lower  part  of  the  formation. 


TEXT-FIG.  1 . Sketch-map  of  the  solid  geology  of  the  Wigpool  syncline,  Forest  of  Dean  with  boundaries 
mainly  after  Silby  and  Reynolds  (1937).  Inset  map  shows  the  location  of  the  Wigpool  syncline  with 

respect  to  the  remainder  of  the  Forest  of  Dean. 

PREVIOUS  FOSSIL  RECORDS  FROM  THE  DRYBROOK  SANDSTONE 

Until  the  present  decade  the  only  fossil  remains  known  from  the  Drybrook  Sandstone 
of  the  Wigpool  syncline  was  a species  of  Lepidodendron  allied  to  L.  griffithi  (Brongniart) 
recorded  by  Wethered  (1883,  p.  215)  from  the  lower  beds  in  Drybrook  village.  Recently, 
Allen  (1961)  has  described  the  lepidophyte  sporophyll  LepidostrobophyUum  fimbria  turn 
(Kidston)  from  a bed  of  pink  siltstone  in  the  Drybrook  Sandstone  quarry  at  Hazel  Hill 
near  Puddlebrook.  He  also  makes  reference  (p.  228)  to  the  presence  in  the  sporangia  of 
poorly  preserved  megaspores  which  he  tentatively  assigned  to  Triletes  echinoides 
Chaloner.  Lele  and  Walton  (1962)  have  described  plant  impressions  from  the  same 
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locality  and  horizon.  A total  of  ten  taxa  were  recognized:  seven  of  these  were  identified 
specifically  and  the  other  three  at  generic  level.  These  authors  also  gave  an  account  of 
the  miospores  obtained  from  the  siltstone  on  which  the  plant  remains  occurred.  The 


TEXT-FIG.  2.  Geological  sketch-map  to  show  the  succession  and  structure  of  Plump  Hill  on  the  eastern 
limb  of  the  Wigpool  syncline  (boundaries  mainly  after  Sibly  and  Reynolds,  1937).  The  exposures 
marked  A and  B are  those  from  which  the  samples  were  taken. 

assemblage  was  generally  poorly  preserved  and  contained  twenty-eight  spore  types 
distributed  between  nineteen  genera.  There  were  eight  species  determinations  (three 
new),  five  spore  categories  compared  to  existing  species,  thirteen  identified  at  generic 
level  only,  and  two  unnamed  types. 
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Lele  and  Walton  (1962,  p.  138)  have  wrongly  attributed  the  discovery  of  plant  stems 
identified  by  Crookall  (1939)  as  ? Cyclostigma  kiltorkense  Haughton  to  the  Drybrook 
Sandstone.  These  were  in  fact  obtained  from  the  Tintern  Sandstone  of  Upper  Old  Red 
Sandstone  age. 

Sullivan  and  Hibbert  (1964)  have  recently  recorded  a spore-bearing  structure  of  basic 
tetrahedral  symmetry  with  wing-like  appendages  at  the  apices  from  palynological 
preparations  from  the  lower  of  the  two  horizons  dealt  with  in  this  paper.  These  remains 
have  been  called  Tetrapterites  visensis  and  are  also  known  to  occur  in  the  Basement 
Series  of  the  Carboniferous  Limestone  of  North  Wales. 


DESCRIPTION  OF  THE  EXPOSURES 

The  location  of  the  quarries  from  which  the  samples  were  taken  is  given  in  text-fig.  2. 
The  exposures,  marked  A and  B,  were  situated  160  yards  south  of  the  A 4136  road  on 
Plump  Hill  near  Mitcheldean  (Grid  Ref.  SO/661168).  The  succession  in  both  quarries 
has  been  measured  in  detail  with  the  help  of  Mr.  H.  G.  Davies  and  a summary  of  the 
rock  sequence  is  given  below; 


Quarry  B 

ft. 

in. 

Coarse  grey  sandstone  with  orientated  plant  casts ; base  irregular  . 

1 

4 (seen) 

Coal  (Edgehills  coal) ; impure  coal  with  lenticles  of  shale  and  sandstone 

0 

5i-10 

Irregularly  bedded,  grey,  loosely  cemented  coarse  grained  sandstone  with  car- 
bonaceous streaks  and  orientated  plant  casts  ...... 

3 

0 

Medium  grained  speckled  sandstone  ....... 

4 

5 

Gap  ............. 

16 

0 

Pebbly  sandstone  ........... 

7 

0 

Gap  ......  ....  ... 

10 

0 

Conglomerate  with  pebbles  of  quartz,  quartzite,  and  Carboniferous  Limestone; 
also  irregular  angular  blocks  of  shale  (maximum  diameter  8 in.) 

4 

10 

Pebbly  sandstone  ......  .... 

2 

2 

Thinly  bedded  friable  coarse  grained  speckled  sandstone  .... 

6 

0 

Gap  ............. 

20 

0 

Purple  and  red  conglomerates  and  pebbly  sandstone  ..... 

9 

0 

Unexposed  strata  between  Quarries  A and  B .....  . 

54 

0 (estimated) 

Quarry  A 

Massively  bedded  red,  white,  and  speckled  medium  gramed  sandstone  with 
lenticular  bands  of  blocky  purple  mudstone;  sandstones  locally  conglomera- 
tic at  the  base  ........... 

91 

0 

Red  medium  grained  sandstone  with  pebbly  bands  and  layers  of  pebbles  em- 
bedded in  siltstone  and  unconsolidated  sands  ...... 

8 

0 

Gap 

12 

0 

Red  and  green  shale  .......... 

1 

7 

Coaly  shale  (sampled)  .......... 

0 

6 

Grey  mudstone  with  fragmentary  plant  remains  ...... 

0 

7 

Yellow  siltstone  with  plant  remains  ........ 

0 

7 

Sandstone  ............ 

1 

3 

Fault? 

Thinly  bedded  white  and  speckled  fine  and  medium  grained  sandstones  with 
subordinate  shale  and  silt  bands.  ........ 

30 

0 
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The  total  thickness  of  strata  measured  in  both  quarries  was  285  ft.  The  rocks  dipped 
steeply  a few  degrees  north  of  west.  There  were  minor  variations  in  strike,  particularly 
in  Quarry  A,  which  could  be  attributed  to  the  effects  of  small  strike  faults.  The  dip  of 
the  beds  in  Quarry  B was  generally  less  than  in  Quarry  A and  this  is  probably  a mani- 
festation of  the  progressive  reduction  in  the  value  of  the  dip  away  from  the  influence  of 
the  Staple  Edge  monocline  which  is  the  most  important  structural  element  on  the 
eastern  margin  of  the  basin. 

Spore  assemblages  were  obtained  from  two  horizons  within  the  sequence.  The  lower 
sample  was  a shale  which  occurred  in  a belt  of  predominantly  argillaceous  strata  which 
had  been  left  unworked  as  a bluff  in  Quarry  A.  The  other  sample  was  a coal,  herein 
designated  the  Edgehills  coal,  which  lay  near  the  top  of  the  exposed  sequence. 

The  spore  floras  from  the  two  rocks  indicated  that  they  occupied  greatly  dissimilar 
stratigraphical  positions  and  that  there  must  have  been  considerable  breaks  in  sedi- 
mentation. The  presence  of  thick  conglomerates  with  large  pebbles  and  angular  blocks 
is  in  accord  with  this  conclusion.  The  position  of  the  unconformity  (there  may  of  course 
be  more  than  one)  is  not  marked  by  any  discordancy  in  dip  and  strike  of  the  beds  and 
so  it  is  not  possible  to  recognize  the  different  stratigraphical  units  on  a structural  basis. 
The  virtual  absence  of  macrofossils  precludes  any  means  of  a palaeontological  sub- 
division. Consequently,  any  scheme  of  classification  must  be  a lithological  one:  even 
this  method  is  hampered  by  the  secondary  iron  enrichment  which  has  removed  much 
of  the  original  structures  and  textures  of  these  rocks. 

The  shale  sample  came  from  a horizon  between  32  ft.  5 in.  and  33  ft.  above  the  exposed 
base  of  the  formation.  This  shale  occurs  within  a typical  development  of  Drybrook 
Sandstone  whose  lithology  can  be  matched  in  numerous  exposures  within  the  Forest 
of  Dean  basin.  The  dating  suggested  by  the  spore  assemblage  from  this  shale  is  in  accord 
with  the  evidence  obtained  from  macrofossils,  in  particular,  the  brachiopods  from  the 
Drybrook  Limestone. 

The  coal,  on  the  other  hand,  appears  to  be  much  younger  in  age  and  is  associated 
with  coarse  sandstones  and  thick  conglomerates  which  have  no  obvious  counterpart 
elsewhere  in  the  basin.  It  would  thus  appear  to  be  necessary  to  erect  a new  name  for 
these  rocks  and  the  name  Edgehills  Sandstone  is  proposed.  The  lower  boundary  of 
this  unit  is  taken  as  the  first  onset  of  thick  conglomerate  bands  above  the  massively 
bedded  sandstones.  In  the  case  of  the  Plump  Hill  succession  this  will  be  the  base  of  the 
conglomerates  forming  the  eastern  wall  of  Quarry  B. 

The  lateral  extent  of  the  Edgehills  Sandstone  is  not  known  because  it  is  nowhere  else 
exposed  at  outcrop.  Presumably,  it  once  had  a greater  areal  distribution  and  the 
rocks  of  Quarry  B represent  a remnant  preserved  in  the  trough  of  the  pitching  Wigpool 
syncline.  Rocks  of  a similar  age,  or  even  younger,  may  be  expected  to  occur  at  depth 
in  the  Forest  of  Dean  basin. 

PREPARATION  OF  THE  SAMPLES 

The  shale  had  weathered  to  a stifl’  clay  and  a sample  of  this  was  taken  a few  inches 
below  the  surface.  There  was  a violent  effervescence  with  40  per  cent,  hydrofluoric  acid, 
the  concentration  normally  employed  in  the  solution  of  the  mineral  matter,  and  it  was 
found  necessary  to  control  the  reaction  by  adding  three  times  its  own  volume  of  distilled 
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water.  Even  at  this  dilution  the  reaction  was  complete  after  two  hours.  No  oxidation  of 
the  residue  was  required ; it  was  washed  with  a little  2 per  cent,  caustic  potash  solution 
and  then  with  distilled  water.  Permanent  slides  were  made  using  Cellosize  and  Canada 
Balsam  (Jeffords  and  Jones  1959). 

The  coal  was  also  first  treated  with  hydrofluoric  acid  to  remove  the  mineral  impurities. 
No  maceration  was  necessary  because  of  its  weathered  condition  and  the  humic  sub- 
stances were  released  by  the  addition  of  2 per  cent,  caustic  potash.  The  residue  was 
washed  and  mounted  as  before. 

The  slides  containing  the  type  material  of  the  species  erected  in  this  paper  together 
with  all  illustrated  spores  have  been  deposited  in  the  type  collections  of  the  Micro- 
palaeontological  Laboratory  of  the  Geology  Department,  University  of  Sheffield. 

SYSTEMATIC  DESCRIPTIONS 

Anteturma  sporites  H.  Potonie  1893 
Turma  triletes  (Reinsch)  Potonie  and  Kremp  1954 
Subturma  azonotriletes  Luber  1935 
Infraturma  laevigati  (Bennie  and  Kidston)  R.  Potonie  1956 
Genus  leiotriletes  (Naumova)  Potonie  and  Kremp  1954 

Type  species.  L.  sphaerotrianguhis  (Loose)  Potonie  and  Kremp  1954. 

Leiotriletes  cf.  priddyi  (Berry)  Potonie  and  Kremp  1955. 

Plate  57,  fig.  1 

Description.  Size  (41  specimens)  20-35/x,  mean  27ft.  Exine  laevigate.  Amb  triangular 
with  slightly  concave  or  convex  sides  and  broadly  rounded  apices.  Trilete  rays  distinct, 
tecta  extend  between  two-thirds  and  three-quarters  radius  of  spore. 

Remarks.  These  spores  resemble  Deltoidospora  implumis  Staplin  1960,  but  may  be 
distinguished  from  it  by  their  more  deltoid  shape,  longer  rays,  and  the  absence  of  lips. 
L.  subadnatoides  Bhardwaj  1957  has  longer  rays  and  an  infrapunctate  exine.  The 
inadequate  description  and  illustration  of  L.  priddyi  precludes  a definite  assignment  to 
this  species. 

Occurrence.  Edgehills  coal. 


Leiotriletes  plicatus  sp.  nov. 

Plate  57,  figs.  4-6 

Holotype.  Specimen  illustrated  as  PI.  57,  fig.  6 from  the  Drybrook  Sandstone.  Size  32ft. 

Diagnosis.  Size  (17  specimens)  25-35ft,  mean  30ft;  amb  triangular  with  almost  straight 
sides;  parallel  sided  fold  present  around  the  equatorial  region  of  the  distal  surface; 
proximal  hemisphere  markedly  pyramidal. 

Description.  Yellow  to  orange-brown  in  colour.  Exine  laevigate,  2ft  thick.  Amb  tri- 
angular with  straight  to  slightly  concave  or  convex  sides  and  rounded  apices.  Proximal 
pole  markedly  pyramidal,  apex  up  to  10ft  above  the  level  of  the  equator;  faces  of  pyramid 
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continue  without  change  of  slope  to  the  equator.  Distal  hemisphere  only  slightly  convex. 
A prominent  continuous  fold,  5-7ft  wide,  is  located  around  the  equatorial  region  of 
the  distal  hemisphere;  the  equator  marks  the  outer  limit  of  the  fold.  The  inner  margin 
is  approximately  parallel  to  the  equator  along  the  interradial  regions,  but  there  is  fre- 
quently a V-shaped  incision  at  one  or  more  of  the  apices  (PI.  57,  fig.  5).  Trilete  rays 
distinct,  tecta  exceed  three-quarters  of  the  spore  radius,  straight  or  sinuous. 

Remarks.  Leiotrileles  [Rolaspora]  anneUitus  (Horst)  comb.  nov.  may  be  conspecific 
with  L.  plicatus  although  Horst  (1955,  p.  183)  describes  the  exine  as  infrareticulate.  The 
pseudozonate  aspect  of  the  folded  exine  led  Potonie  and  Kremp  (1956,  p.  107)  to  classify 
this  species  as  Rotaspora.  The  figures  of  the  holotype  (Horst  1955,  PI.  22,  figs.  49a,  b) 
clearly  shows  the  structure  to  be  distal.  In  the  description  Horst  (1955,  p.  183)  writes 
‘Cingulum  . . . , das  an  den  inneren  Ecken  haufig  eingeschniirt  ist’  and  is  obviously 
referring  to  the  same  feature  as  the  apical  incisions  described  above. 

Occurrence.  Drybrook  Sandstone. 

Leiotriletes  pyramidatus  sp.  nov. 

Plate  57,  figs.  2,  3 

Holotype.  Specimen  figured  as  PI.  57,  fig.  2 from  the  Drybrook  Sandstone.  Size  33-5ju.. 

Diagnosis.  Size  (33  specimens)  25-38p.,  mean  31/x;  amb  rounded  triangular;  proximal 
polar  region  markedly  pyramidal;  three  arcuate  folds  enclose  the  trilete  rays. 
Description.  Colour  yellow  to  brown.  Exine  laevigate,  2-2-5p  thick.  Amb  subtriangular 
with  convex  sides  and  rounded  or  somewhat  pointed  apices.  Distal  hemisphere  slightly 
convex;  proximal  surface  pyramidal  with  an  abrupt  change  of  slope  near  the  equator. 
Three  arcuate  compression  folds  are  present  between  the  rays;  folds  up  to  8/x  wide  at 
their  mid-points  and  taper  to  approximately  2p  near  the  apices.  The  margins  of  the 
folds  may  be  concave  or  straight:  a characteristic  combination  is  two  folds  with  concave 
margins  separated  by  one  with  a straight,  or  even  convex  outline  (PI.  57,  fig.  3).  Trilete 
rays  between  three-quarters  and  four-fifths  of  the  spore  radius,  tecta  straight  or  sinuous. 

Comparison.  L.  tristichus  Ishchenko  1958  is  larger  and  the  arcuate  folds  which  are  2p 
wide  lie  at  a greater  distance  from  the  tecta. 

Remarks.  L.  plicatus  and  L.  pyramidatus  are  easily  separated  from  each  other  on 
morphological  characteristics.  However,  it  is  not  clear  whether  they  are  indeed  two 
natural  species  or  merely  two  products  of  compression  of  a spore  with  a high  pyramidal 
pole.  L.  plicatus  has  been  observed  in  a sporangial  cluster  consisting  mainly  of  Punctati- 
sporites  platirugosus  (Waltz)  comb.  nov. 

Krutzsch  (1959,  p.  10)  has  reported  the  occurrence  of  forms  with  three  arcuate  folds 
(or  tori)  in  rocks  ranging  from  Upper  Keuper  to  Miocene  in  age.  They  are  partieularly 
common  in  Tertiary  assemblages  and  have  been  described  as  Laevigatosporites  neddeni 
(Potonie)  by  Thomson  and  Pflug  (1953)  and  referred  to  various  species  of  Toroisporis 
by  Krutzsch  (1959,  1962).  Spores  of  Recent  members  of  the  Polypodiaceae,  e.g. 
Pteridium,  display  folding  of  the  exine  similar  to  L.  plicatus  and  L.  pyramidatus. 

Occurrence.  Drybrook  Sandstone. 
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Genus  punctatisporites  (Ibrahim)  Potonie  and  Kremp  1954 
Type  species.  P.  punctatus  Ibrahim  1933. 


Punctatisporites  platirugosus  (Waltz)  comb.  nov. 

Plate  57,  figs.  7-9 

1941  Azonotriletes  platirugosus  Waltz  in  Luber  and  Waltz  pi.  1,  fig.  1. 

1956  Leiotriletes  platirugosus  (Waltz);  Ishchenko  pi.  1,  fig.  1. 

1958  Leiotriletes  platirugosus  (Waltz);  Ishchenko  pi.  1,  fig.  1. 

Description.  Size  range  (100  specimens)  30-70/a,  mean  52p.  Amb  circular  to  oval. 
Trilete  rays  distinct,  up  to  three-quarters  radius  of  spore.  Exine  laevigate,  about  1-5^ 
thick.  Parallel  sided  compression  folds  common,  particularly  in  equatorial  regions 
(PI.  57,  fig.  7).  Crescentic  folds  rare.  Occasional  specimens  without  folds  (PI.  57,  fig.  9) 
resemble  Punctatisporites  glaber  (Naumova)  Playford  1962. 

Remarks.  This  species  was  described  by  Waltz  in  Luber  and  Waltz  (1941)  and  she 
recognized  three  varieties,  var.  minor,  var.  major,  and  var.  giganteus  based  upon  size. 
The  spores  described  above  correspond  to  the  varieties  minor  and  major. 

Occurrence.  Drybrook  Sandstone. 


EXPLANATION  OF  PLATE  57 


All  figures  x 500. 

Figs.  1-6.  Leiotriletes  spp.  1,  L.  cf.  pryddyi  (Berry)  Potonie  and  Kremp  1955;  Edgehills  coal;  UD2/ 
259665,  Proximal  surface.  2-3.  L.  pyramidatus  sp.  nov.;  Drybrook  Sandstone.  2,  Holotype,  LDl/ 
223640,  Proximal  surface.  3,  LDl/349793,  Proximal  surface.  4-6.  L.  plicatus  sp.  nov. ; Drybrook  Sand- 
stone. 4,  5,  LD4/200670,  Proximal  and  distal  surfaces.  6,  Holotype,  LD2/109653,  Proximal  surface. 

Figs.  7-12.  Punctatisporites  spp.  7-9,  P.  platirugosus  (Waltz)  comb,  nov.;  Drybrook  Sandstone.  7, 
LD3/104804,  Proximal  surface.  8,  LDl/324730,  Semi-lateral  view.  9,  LD3/067812,  Proximal  surface. 
10,  P. punctatus  Ibrahim  1933;  Edgehills  coal;  UD5/095826,  Proximal  surface.  1 1-12.  P.  ocellatus  sp. 
nov. ; Drybrook  Sandstone.  11,  Holotype,  LD3/218773,  Proximal  surface.  12,  LD2/407813,  Proximal 
surface. 

Pigs.  13-16.  Granulatisporites  spp.  13,  G.  cf.  granulatus  Ibrahim  1933;  Edgehills  coal;  UD2/345667, 
Proximal  surface.  14-15.  G.  cf.  inicrograniferVovdihim  1933;  Edgehills  coal ; 14,  UD2/426807,  Proximal 
surface.  15,  UDl/  446682,  Proximal  surface.  16,  G.  parvus  (Ibrahim)  Potonie  and  Kremp  1955 ; Edge- 
hills coal;  UDl/379815,  Proximal  surface. 

Pigs.  17-18.  Cyclogranisporites  cf.  niinutus  Bhardv/a]  1957;  Edgehills  coal.  17,  UD2/369709,  Proximal 
surface.  18,  UD3/088702,  Proximal  surface. 

Figs.  19-23.  Lophotriletes  spp.  19-20,  L.  labiatus  sp.  nov.;  Edgehills  coal.  19,  Holotype,  UD2/482810, 
Proximal  surface.  20,  UD2/350763,  Proximal  surface.  21-23,  L.  tribulosus  sp.  nov.;  Drybrook  Sand- 
stone. 21,  LD3/341659,  Proximal  surface.  22,  Holotype,  LD3/372660,  Proximal  surface.  23,  EDI/ 
265644,  Semi-lateral  preservation. 

Pigs.  24-30.  Waltzispora  spp.  24,  W.  prisca  (Kosanke)  comb.  nov. ; Drybrook  Sandstone;  LD3/285799, 
Proximal  surface.  25-30.  W.  planiangulata  sp.  nov. ; Drybrook  Sandstone.  25,  LD2/329796,  Proximal 
surface.  26,  Holotype,  LDl/345754,  Proximal  surface.  27,  LD3/257807,  Proximal  surface.  28, 
LD2/122714,  Proximal  surface.  29,  LDl/380741,  Proximal  surface.  30,  LD4/330714,  Proximal 
surface. 
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Punctatisporites  pimctatus  Ibrahim  1933 
Plate  57,  fig.  10 

Description.  Size  (54  specimens)  32-65/j^,  mean  A6p.  Amb  subtriangular  to  circular. 
Exine  laevigate  to  slightly  infrapunctate,  between  1 and  2ft  thick.  Trilete  rays  prominent, 
exceed  three-quarters  radius  of  the  spore,  tecta  straight. 

Remarks.  These  spores  do  not  fit  precisely  any  specific  category  previously  described. 
In  view  of  the  large  number  of  species  already  in  existence  for  simple  circular  trilete 
spores  which  differ  little  except  in  size,  it  is  proposed  to  extend  the  lower  limit  of  P. 
pimctatus,  which  they  otherwise  resemble,  from  55  to  2>2p. 

Occurrence.  Edgehills  coal. 


Punctatisporites  oceUatus  sp.  nov. 

Plate  57,  figs.  11,  12 

Holotype.  Specimen  illustrated  as  PL  57,  fig.  1 1 from  the  Drybrook  Sandstone.  Size  63/x. 

Diagnosis.  Size  (27  specimens)  49-74ju.,  mean  63p  \ amb  circular;  exine  finely  and  densely 
infrapunctate,  3-4^  thick;  trilete  rays  four-fifths  total  radius  of  the  spore,  tecta 
frequently  torn  and  gaping  at  the  apex. 

Description.  Amb  circular.  Exine  brown  in  colour,  3-4/x  thick.  Structure  of  the  exine  is 
finely  and  densely  infrapunctate,  margin  smooth.  Secondary  corrosion  accentuates  the 
structure  and  sometimes  makes  it  visible  at  the  outline.  Trilete  rays  distinct,  sinuous, 
simple  and  exceed  four-fifths  of  the  radius  of  the  spore;  tecta  often  torn  apart  at  the 
apex  to  form  a triangular  gape.  Parallel  sided  compression  folds  sometimes  present. 

Comparison.  P.  oceUatus  resembles  in  some  respects  each  of  three  species  P.  pseudo- 
levatus,  P.  fissus,  and  P.l  callosus  described  by  Hoffmeister,  Staplin  and  Malloy  (1955) 
from  the  Hardinsburg  Formation.  P.  pseudolevatus  has  identical  size  limits  to  P. 
oceUatus  and  is  ‘finely  granulose’;  however,  the  exine  is  thinner  (quoted  as  2p).  P.  fissus 
displays  the  characteristic  triangular  gape  at  the  apex,  but  the  tecta  are  much  shorter 
(half  radius  of  the  spore),  and  the  size  range  (50-60/x)  is  more  restricted.  P.l  callosus  also 
has  a smaller  maximum  size  {65p)  and  the  exine  is  without  structure.  The  latter  species 
has  been  placed  in  the  synonymy  of  P.  glaber  by  Playford  (1962,  p.  576). 

Occurrence.  Drybrook  Sandstone. 

Infraturma  apiculati  (Bennie  and  Kidston)  R.  Potonie  1956 
Subinfraturma  granulati  Dybova  and  Jachowicz  1957 
Genus  granulatisporites  (Ibrahim)  Potonie  and  Kremp  1954 

Type  Species.  G.  gramilatiis  Ibrahim  1933. 

Granulatisporites  granulatiis  Ibrahim  1933 

Plate  57,  fig.  13 

Description.  Size  (23  specimens)  20-35;u,  mean  28/x.  Amb  triangular  v/ith  concave  sides 
and  rounded  apices.  Trilete  rays  half  to  two-thirds  radius  of  the  spore.  Grana  0-7-1/x 
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in  basal  diameter,  up  to  0-5p.  high  and  1-1 -5;u.  apart.  Approximately  45  grana  at  the 
outline. 

Occurrence.  Edgehills  coal, 

Granulatisporites  cf.  microgranifer  Ibrahim  1933 
Plate  57,  figs.  14,  15 

Description.  Size  (45  specimens)  13-11  p,  mean  15p.  Amb  triangular  with  concave  sides 
and  rounded  apices.  Trilete  rays  exceed  two-thirds  radius  of  the  spore,  frequently 
extend  to  the  equator,  tecta  straight,  intertectum  narrow.  Grana  uniform  in  size,  less 
than  0-5p,  hemispherical  in  shape,  densely  distributed  over  the  whole  exine.  Intertectal 
areas  sometimes  darker.  Margin  slightly  notched. 

Remarks.  The  spores  described  above  conform  in  all  characters  except  size  with  the 
specific  diagnosis  of  G.  microgranifer.  The  measurements  given  by  Ibrahim  (1933,  p.  22) 
were  31  and  31-5p.  Potonie  and  Kremp  (1955  p.  58)  quote  the  limits  as  (25)  30-40ft. 

Occurrence.  Edgehills  coal. 

Genus  cyclogranisporites  Potonie  and  Kremp  1954 
Type  species.  C.  leopoldi  (Kremp)  Potonie  and  Kremp  1954. 

Cyclogranisporites  cf.  minutus  Bhardwaj  1957 
Plate  57,  figs.  17,  18 

Description.  Size  (19  specimens)  40-50p.,  mean  46ft.  Amb  circular  to  oval.  Trilete  rays 
usually  distinct,  half  to  two-thirds  radius  of  the  spore ; tecta  frequently  bear  an  unequal 
angular  relationship  to  each  other;  lips  about  Ip  wide,  margins  frilled.  Grana  0-5-0-lp 
in  basal  diameter,  less  than  0-5p  high. 

Remarks.  The  spores  are  intermediate  in  size  between  C.  minutus  and  C.  aureus  (Loose) 
Potonie  and  Kremp  1955.  The  other  characters  agree  closely  with  the  description  of 
C.  minutus. 

Occurrence.  Edgehills  coal. 

Subinfraturma  nodati  Dybova  and  Jachowicz  1957 
Genus  lophotriletes  (Naumova)  Potonie  and  Kremp  1954 

Type  species.  L.  gibbosus  (Ibrahim)  Potonie  and  Kremp  1 954. 

Lophotriletes  labiatus  sp.  nov. 

Plate  57,  figs.  19,  20 

Holotype.  Specimen  illustrated  as  PL  57,  fig.  19  from  the  Edgehills  coal.  Size  30fi. 

Diagnosis.  Size  (23  specimens)  20-40ft,  mean  32fi;  amb  triangular  with  convex  sides 
and  rounded  to  pointed  apices;  exine  ornamented  with  cones  0-5  to  ISp  high;  thickened 
bands  accompany  the  rays. 
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Description.  Colour  yellow  to  brown.  Amb  triangular  with  convex  sides  and  rounded 
to  pointed  apices.  Trilete  rays  not  always  visible  due  to  the  presence  of  thickened  bands 
which  enclose  them.  Tecta  straight  to  sinuous,  sutures  closed.  Thickened  bands  indivi- 
dually 2-4/a  wide  and  up  to  4/a  high.  The  margins  of  the  bands  are  straight  to  scalloped 
and  only  slightly  convergent  in  a radial  direction.  Exine  of  thickenings  laevigate. 
Remainder  of  the  proximal  surface  and  the  whole  of  the  distal  hemisphere  are  orna- 
mented with  broad-based  cones  up  to  1-5/a  in  height,  but  often  less  than  1/a.  Occasional 
spines  up  to  3/a  high  are  sometimes  interspersed  between  the  cones.  About  23  to  28 
elements  are  visible  at  the  outline. 

Remarks.  The  form  of  the  thickened  bands  is  similar  to  that  described  by  Hoffmeister, 
Staplin  and  Malloy  (1955,  pi.  39,  fig.  8,  p.  398)  for  their  Spore  Type  E. 

Occurrence.  Edgehills  coal. 


Lophotriletes  tribulosus  sp.  nov. 

Plate  57,  figs.  21-23 

Holotype.  Specimen  illustrated  as  PI.  57,  fig.  22  from  the  Drybrook  Sandstone.  Size  36-5/a. 

Diagnosis.  Size  (65  specimens)  30-45/a,  mean  36-5/a;  amb  triangular  with  almost  straight 
sides  and  rounded  or  blunted  apices;  exine  1-1-5/a  thick,  ornamented  with  pointed  or 
rounded  cones  up  to  3/a  high  and  wide  (usually  about  1 -5/a). 

Description.  Colour  pale  yellow,  exine  1-1-5/a  thick.  Amb  triangular  with  almost  straight 
sides  and  rounded  or  blunted  apices.  Ornamentation  consists  of  cones  or  tubercules, 
crests  usually  rounded  but  may  be  pointed  or  truncate : grade  of  ornamentation  variable 
even  on  the  same  specimen.  Basal  diameter  of  the  cones  is  between  1 and  2/a  but  may 
sometimes  extend  up  to  3/a;  maximum  height  is  also  3/a.  There  is  a tendency  in  some 
cases  for  the  larger  elements  to  be  located  at  the  apices.  Density  of  ornamentation 
variable:  the  number  of  cones  at  the  equator  is  between  10  and  32.  Trilete  rays  are 
three-quarters  of  the  spore  radius  or  more ; tecta  straight,  although  they  may  be  slightly 
sinuous  near  the  apex.  Proximal  surface  pyramidal,  distal  hemisphere  oblate.  Small 
gulaferus  type  folds  are  sometimes  present  at  the  apices  (PI.  57,  figs.  22,  23). 

Comparison.  Lophotriletes  [Graniilatisporites]  tuberculatus  (Hoffmeister,  Staplin  and 
Malloy  1955)  comb.  nov.  is  more  lenticular  in  polar  section,  has  more  concave  sides 
and  broader  apices.  The  size  of  the  ornament  of  L.  tuberculatus  was  not  given  and 
a comparison  based  on  the  sculpture  is  not  possible. 

Occurrence.  Drybrook  Sandstone. 

Genus  waltzispora  Staplin  1960 
Type  species.  W.  lobophora  (Waltz)  Staplin  1960. 

Remarks.  This  genus  was  included  in  the  Infraturma  Laevigati  by  Playford  (1962, 
p.  581)  although  the  type  species,  W.  lobophora  displays  a prominent  ornamentation 
(Playford  1962,  p.  581,  records  elements  up  to  2-5/a  in  basal  diameter).  The  most 
characteristic  feature  of  the  genus  is  the  tendency  to  display  an  angular  junction,  often 


362 


PALAEONTOLOGY,  VOLUME  7 

with  tangential  expansion,  between  the  blunted  apices  and  the  interradial  margins. 
The  spores  which  possess  this  character  have  an  exine  ornamentation  ranging  from 
laevigate  to  tuberculate.  Since  the  form  of  the  ornamentation  is  used  in  the  subdivision 
of  the  Subturma  Azonotriletes,  the  classification  of  Waltzispora  within  the  suprageneric 
framework  of  the  scheme  proposed  by  Potonie  (1958,  1960)  presents  a problem.  One 
solution  would  be  to  erect  a new  genus  for  the  laevigate  forms  now  assigned  to  Waltzi- 
spora, e.g.  W.  albertensis  Staplin  1960,  W.  sagittata  which  would  be  included  in  the 
Infraturma  Laevigati.  Waltzispora  if  restricted  to  the  species  which  possess  an  exine 
ornamentation  could  be  classified  under  the  Infraturma  Apiculati.  For  the  present, 
however,  no  formal  emendation  of  Waltzispora  is  proposed,  but  the  genus  is  transferred 
to  the  Infraturma  Apiculati. 

Waltzispora  planiangulata  sp.  nov. 

Plate  57,  figs.  25-30 

Holotype.  Specimen  illustrated  as  PL  57,  fig.  26  from  the  Drybrook  Sandstone.  Size  31^. 

Diagnosis.  Size  (43  specimens)  30-45/r,  mean  38;U.;  amb  triangular  with  rounded  and 
blunted  apices,  usually  with  angular  junctions  with  the  concave  sides;  exine  1-1 -S/r 
thick,  ornamented  with  grana  or  cones  0-5-1 -5p.  in  basal  diameter,  ornament  reduced 
or  absent  on  the  proximal  surface. 

Description.  Amb  triangular  with  prominent  apices,  radial  extremities  may  be  blunted 
or  broadly  rounded,  tangential  expansion  not  well  marked.  Angular  junction  between 
the  apices  and  the  concave  interradial  margins  more  or  less  prominently  displayed. 
Exine  1-1 -5^-  thick,  yellow  in  colour.  Trilete  rays  exceed  three-quarters  radius  of  the 
spore,  usually  about  four-fifths.  Ornamentation  consists  of  grana  and  cones  which  vary 
in  size  from  0-5-1 -5;u,  in  basal  diameter  and  up  to  1-5/x  in  height.  The  ornament  in  any 
particular  specimen  is  uniform  in  grade  and  shape.  The  variation  in  ornament  displayed 
by  the  species  is  illustrated  in  PI.  57,  figs.  25-30.  In  PI.  57,  fig.  20  the  low  hemispherical 
grana  are  0-5-0-8;U  in  basal  diameter  and  are  entirely  restricted  to  the  distal  surface: 
the  elements  are  barely  visible  at  the  equator.  The  grana  are  larger.  Ip  wide  and  0-7 p 
high,  in  the  specimen  (PI.  57,  fig.  28)  with  several  cones  T5/.<.  high  interspersed  between 
them.  The  ornament  is  reduced  on  the  proximal  surface:  absent  in  intertectal  areas, 
but  several  low  grana  are  located  near  the  equator.  The  dominant  ornament  of  the  spore 
(PI.  57,  fig.  30)  is  of  cones  l-5p  wide  and  l-l-5p  high.  These  are  smaller  on  the  proximal 
exine  and  absent  in  the  contact  areas. 

Comparison.  W.  lobophora  is  larger  and  has  more  prominent  angular  junctions.  Granu- 
latisporites  Inmiera  Staplin  1960  is  also  larger  and  shows  a reduction  in  the  size  of  the 
elements  in  the  apical  regions  of  the  distal  surface  as  well  as  on  the  proximal  hemisphere. 
W.  [Triquitrites]  prisca  (Kosanke  1950)  comb.  nov.  has  a similar  size  range  to  W.  plani- 
angulata, but  the  grana  (probably  all  on  the  distal  hemisphere)  are  smaller  and  more 
widely  spaced. 

Occurrence.  Drybrook  Sandstone. 

Genus  anaplanisporites  Jansonius  1962 
Type  species.  A.  telephorus  (Klaus)  Jansonius  1962. 
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Anaplanisporites  denticiilatus  sp.  nov. 

Plate  58,  figs.  1-3 

Holotype.  Specimen  illustrated  as  PI.  58,  figs.  1,  2 from  the  Drybrook  Sandstone.  Size  A6-5p. 

Diagnosis.  Size  (26  specimens)  42-58fi.,  mean  A9p\  amb  rounded  triangular  to  circular; 
ornament  of  cones  on  the  distal  and  equatorial  regions,  cones  up  to  1/x  high  and  l/x  wide 
at  the  base. 

Description.  Exine  yellow  in  colour,  2-2-5/x  thick.  Amb  rounded  triangular  to  circular, 
rarely  oval.  Ornament  restricted  to  the  distal  and  equatorial  parts  of  the  spore ; proximal 
exine  laevigate.  Cones  0-5-1  ju  high  and  lju.  wide  at  the  base,  crests  rounded  to  pointed. 
Larger  elements  up  to  3p  high  and  wide  occasionally  present,  characteristically  near  the 
distal  pole;  these  may  be  verrucae  or  cones.  Ornament  arranged  in  a quasi-concentric 
manner,  usually  four  series  per  radius.  Cones  1 -5-2^0,  apart,  about  forty  present  in  the 
outermost  series,  barely  visible  at  the  outline.  Trilete  rays  distinct,  frequently  exceed 
three-quarters  radius  of  the  spore,  intertectum  about  1;U,.  Folds  usually  accompany  the 
rays;  their  combined  width  is  3-4/x  at  the  apex  and  they  taper  gradually  towards  the 
equator. 

Occurrence.  Drybrook  Sandstone. 

Genus  apiculatisporis  Potonie  and  Kremp  1956 
Type  species.  A.  acideatus  (Ibrahim)  Potonie  and  Kremp  1956. 

Apiculatisporis  variocorneus  sp.  nov. 

Plate  58,  figs.  4-8 

Holotype.  Specimen  illustrated  as  PL  58,  fig.  4 from  the  Edgehills  coal.  Size  73-5p. 

Diagnosis.  Size  (58  specimens)  40-78;u,  mean  60/r;  amb  irregularly  circular  to  oval; 
exine  ornamented  with  cones  and  spines  which  range  from  0-5-5-5ft  in  height;  ornament 
variable  in  size,  shape,  and  density  even  on  individual  specimens,  usually  absent  from 
intertectal  areas. 

Description.  Amb  circular  to  oval,  sometimes  quadrangular  due  to  folding.  Exine  yellow 
in  colour,  l-5-2-5|U,  thick.  Trilete  rays  visible  to  indistinct;  tecta  simple,  threadlike, 
usually  from  two-thirds  to  three-quarters  radius  of  the  spore.  Ornament  variable  in 
size,  shape,  and  density  and  there  are  considerable  differences  even  on  a single  specimen. 
In  the  example  (PI.  58,  fig.  8)  there  is  a fairly  uniform  ornament  of  small  sharply  tapered 
cones  and  spines  0-5-1  ju,  high.  The  specimen  (PI.  58,  fig.  6)  has  spines  which  are  up  to 
l-5p  high  and  0-5p  wide  on  the  proximal  and  equatorial  regions,  but  become  more 
conical,  by  an  increase  in  basal  diameter  (up  to  T5^a),  at  the  distal  pole.  The  ornament 
on  the  contact  faces  is  frequently  reduced  (PI.  58,  figs.  4,  5,  7).  In  the  holotype  (PI.  58, 
fig.  4)  the  spines  on  the  distal  surface  reach  a maximum  of  5-5p,  near  the  equator  on 
the  proximal  surface  the  maximum  is  2-5/x  and  at  the  pole  there  are  widely  scattered 
cones  about  0-5p  high. 

Remarks.  The  range  of  variation  recorded  above  is  similar  to  that  represented  in  three 
species  of  Apiculatisporis  described  by  Artuz  (1957,  1959)  from  the  Sulu  and  Biiyiik 


364 


PALAEONTOLOGY,  VOLUME  7 


seams  of  the  Zonguldak  coalfield,  Turkey.  The  three  species  were  A.  pimctaornatus 
Artuz  1957,  A.  subspinosus  Avtuz  1957,  and  vl.  abditus  (Loosq)  Potonie  and  Kremp  1955 
(the  figured  specimen  of  A.  abditus  in  Artuz  1959,  pi.  4,  fig.  22  does  not  resemble  the 
holotype  of  the  species).  It  is  not  clear  at  this  stage  whether  synonymy  exists  between 
A.  variocorneus  and  the  aforementioned  species. 

Occurrence.  Edgehills  coal. 

Genus  pustulatisporites  Potonie  and  Kremp  1954 
Type  species.  P.  pustulatus  Potonie  and  Kremp  1954. 

Pustulatisporites  papillosus  (Knox)  Potonie  and  Kremp  1955 

Plate  58,  figs.  9,  10 

Remarks.  One  observation  may  be  added  to  the  description  of  P.  papillosus  by  Butter- 
worth  and  Williams  (1958,  p.  365).  The  ornamentation  of  rounded  tubercules  and 
verrucae  is  mainly  confined  to  the  distal  surface.  Pustulatisporites  subornatus  Artuz 
1957  may  be  conspecific  with  P.  papillosus. 

Oceurrence.  Drybrook  Sandstone. 

Subinfraturma  baculati  Dybova  and  Jachowicz  1957 
Genus  neoraistrickia  Potonie  1956 

Type  species.  N.  tnmcatus  (Cookson)  Potonie  1956. 

Neoraistriekia  drybrookensis  sp.  nov. 

Plate  58,  figs.  11,  12 

Holotype.  Specimen  illustrated  as  PI.  58,  fig.  11  from  the  Drybrook  Sandstone.  Size  46-5/x. 


EXPLANATION  OF  PLATE  58 
All  figures  x 500  unless  otherwise  stated. 

Figs.  1-3.  Anaplanisporites  denticulatiis  sp.  nov.;  Drybrook  Sandstone.  1,2.  Holotype,  LD2/408815, 
Proximal  and  distal  surfaces.  3,  LD7/225749,  Proximal  surface. 

Figs.  4-8.  Apiculatisporis  variocorneus  sp.  nov.;  Edgehills  coal.  4,  Holotype,  SMUD/1,  Distal  view. 
5,  UD2/331789,  Semi-lateral  view.  6,  UD2/331675,  Proximal  surface.  7,  UD3/046664,  Lateral  view. 
8,  UD2/172748,  Distal  surface. 

Figs.  9-10.  Pustulatisporites  papillosus  (Knox)  Potonie  and  Kremp  1955;  Edgehills  coal.  9,  UD2/ 
379756,  Proximal  surface.  10,  UD2/298860,  Proximal  surface. 

Figs.  11-12.  Neoraistrickia  drybrookensis  sp.  nov. ; Drybrook  Sandstone.  11,  Holotype,  LDl/221748, 
Distal  surface.  12,  LD4/223722,  Proximal  surface. 

Figs.  13-18.  Raistrickia  spp.;  Edgehills  coal.  13,  UDl/175675,  Distal  surface.  14,  UDl/178676, 
Distal  surface.  15,  UD8/222755,  Distal  surface.  16,  UD2/394645,  Distal  surface.  17,  UD9/379813, 
Distal  surface.  18,  UD8/253832,  Distal  surface. 

Fig.  19.  Microreticulatisporites  densus  (Love)  comb,  nov.;  LD4/370750,  Distal  view,  Drybrook 
Sandstone. 

Fig.  20.  Dictyotriletes  cf.  clatriformis  (Artuz)  comb,  nov.;  Edgehills  coal.  UD 1/304766,  Proximal  sur- 
face (X  1,000). 
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Diagnosis  Size  (22  specimens)  33-50;li  (excluding  ornamentation),  mean  41/L6;  triangular 
in  outline;  exine  ornamentation  of  cones  and  verrucae,  equatorial  elements  baculose. 

Description.  Yellow  to  greenish-yellow  in  colour,  often  with  a vitreous  appearance.  Amb 
triangular  with  straight,  slightly  concave  or  convex  sides,  and  rounded  apices.  Proximal 
surface  low  and  pyramidal,  distal  hemisphere  more  inflated.  Exine  2-2-5p  thick.  Trilete 
rays  frequently  obscured  by  ornamentation,  intertectum  0-5p,  lips  low  and  narrow; 
tecta  sinuous,  approximately  three-quarters  radius  of  spore.  Proximal  exine  may  be 
without  ornament  or  may  bear  scattered  cones,  particularly  near  the  equator,  where  they 
may  reach  up  to  3p  in  height.  The  distal  hemisphere  is  ornamented  with  cones  and 
verrucae.  The  cones  are  usually  discrete,  up  to  3/x  high  and  wide.  Irregular  verrucae 
and  spatulate  processes  may  reach  up  to  1 5p  in  their  longest  diameter  and  Ip  high.  The 
equatorial  elements  are  of  two  kinds : bacula  interspersed  with  blunted  cones.  The  bacula 
have  blunted  or  expanded  crests  and  are  up  to  Sp  high  (usually  4-5p)  and  6p  wide 
(usually  3-4p).  The  broad  based  cones  are  of  comparable  dimensions  but  are  usually  fewer 
in  number  than  the  bacula.  Number  of  elements  at  the  outline  varies  between  19  and  33. 

Comparison.  N.  inconstans^QVts  1961,  the  only  other  species  of  Neoraistrickia  described 
from  Carboniferous  strata,  is  larger  and  has  more  slender  elements. 

Occurrence.  Drybrook  Sandstone. 

Genus  raistrickia  Schopf,  Wilson  and  Bentall  1944 
Type  species.  R.  grovensis  Schopf  1944. 


Raistrickia  spp. 

Plate  58,  figs.  13-18 

Material.  The  preparation  from  the  Edgehills  coal  yielded  a large  number  of  specimens 
of  Raistrickia.  The  size,  shape,  and  density  of  the  baculae  were  extremely  variable  and 
several  morphological  species  appeared  to  be  represented.  However,  because  of  the 
continuous  variation  which  existed  between  the  various  forms,  the  assemblage  is 
described  as  a whole. 

Description.  Size  (87  measured  specimens)  36-5-68^i,  mean  52p.  The  bacula  measured 
from  2-1 5p  in  height  and  were  l-5p  wide ; the  ratio  of  height  to  breadth  ranged  from 
5:1  to  1:1.  Crests  blunted,  often  expanded  and/or  serrated.  The  bacula  may  be  sparsely 
distributed  as  in  the  spore  (PI.  58,  fig.  13).  In  this  specimen  the  bacula  extend  up  to  6p 
high  and  are  slender  with  partite  crests;  a few  broader  elements  are  also  present.  A 
form  similar  to  this  has  been  figured  and  described  as  R.  cf.  superba  (Ibrahim)  Schopf, 
Wilson  and  Bentall  1944  by  Bhardwaj  (1957,  p.  114,  pi.  23,  fig.  31). 

One  specimen  (PI.  58,  fig.  18)  is  more  typical  of  R.  superba.  The  bacula  have  parallel 
sides  and  extend  up  to  9p  in  height. 

The  most  common  members  of  the  assemblage  are  illustrated  in  PI.  58,  figs.  15-16: 
the  bacula  are  set  with  moderate  density  over  the  exine.  They  are  up  to  Sp  in  height  and 
3-4p  in  basal  diameter  and  have  slightly  expanded  and  partite  crests.  Some  of  these 
examples  (e.g.  PI.  58,  fig.  16)  resemble  R.  microhorrida  (Horst)  Potonie  and  Kremp  1955. 
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Densely  ornamented  forms  with  long  stout  bacula  up  to  15/x  high  (PI.  58,  fig.  17)  are 
similar  to  R.  saetosa  (Loose)  Schopf,  Wilson  and  Bentall  1944. 

Remarks.  A similar  variation  in  the  density  of  the  distribution  of  the  baeula  is  apparent 
from  the  two  figured  examples  of  R.  solaria  Wilson  and  HolTmeister  (1956,  pi.  1,  figs. 
18,  19).  In  this  species,  however,  there  is  a greater  proportion  of  conical  elements. 

Occurrence.  Edgehills  coal. 

Infraturma  murornati  Potonie  and  Kremp  1954 
Genus  microreticulatisporites  (Knox)  Bhardwaj  1955 

Type  species.  M.  lacunosus  (Ibrahim)  Knox  1950. 

Remarks.  This  genus  was  instituted  by  Knox  (1950,  p.  319)  for  radial  and  bilateral 
spores  which  possessed  a reticulum  with  meshes  less  than  6/x.  Potonie  and  Kremp  (1954, 
p.  143)  limited  the  genus  to  radial  spores  only.  Bhardwaj  (1955,  p.  127)  further  restricted 
it  to  triangular  spores  in  which  the  meshes  of  the  reticulum  were  less  than  3/x  in  diameter. 
The  circular  forms  such  as  M.  microtuberosus  and  M.  sifati  were  excluded  because  their 
ornament  was  not  a continuous  microreticulum  but  was  composed  of  narrow  linear 
elements  randomly  distributed  over  the  exine. 

Bhardwaj  (1955)  has  described  the  ornament  of  the  triangular  spores  of  Micro- 
reticulatisporites as  ‘extrareticulate’,  but  perhaps  a better  description  would  be  punctate 
or  fovoleate.  The  ‘lumina’  are  depressed  circular  pits  and  the  exine  between  them  (the 
‘muri’)  is  flat  or  slightly  arched. 

Microreticulatisporites  densus  (Love  1960)  comb.  nov. 

Plate  58,  fig.  19 

1960  Lophotriletes  densus  Love,  pi.  1,  fig.  3,  p.  113. 

Description.  Size  (17  specimens)  A^-56p,  mean  52p.  Amb  triangular  with  concave  sides 
and  broad  rounded  apices.  Trilete  rays  distinct,  simple,  straight;  tecta  exceed  four-fifths 
radius  of  the  spore.  Exine  ornamented  with  circular  pits  or  punctae,  approximately 
0-5p  in  diameter,  usually  discrete,  but  locally  coalescent;  about  12  punctae  along  a 
radius.  Exine  between  the  pits  domed,  visible  as  minor  elevations,  0-5-0-8  high,  at 
the  outline.  Margin  notched,  between  55  and  65  elements  at  the  equator.  Thickness  of 
exine  2-2-5/x. 

Comparison.  M.  concaviis  Butterworth  and  Williams  1958  has  less  concave  sides,  shorter 
tecta  which  are  frequently  gaping,  a finer  denser  punctation,  and  a thinner  exine. 

Occurrence.  Drybrook  Sandstone. 

Genus  dictyotriletes  (Naumova)  Potonie  and  Kremp  1954 
Type  species.  D.  bireticulatiis  (Ibrahim)  Potonie  and  Kremp  1954. 

Remarks.  As  a result  of  the  reinterpretation  of  the  structure  of  the  holotype  of  Reticula- 
tisporites  reticulatus  Ibrahim  1933  by  Neves  (1964,  in  press),  the  genus  Reticulatisporites 
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has  been  emended  to  include  only  those  forms  with  a differentiated  cingulum  and  which 
possess  a reticulum  which  is  confined  mainly  to  the  distal  hemisphere.  Some  of  the 
species  now  excluded  from  Reticulasporites  by  this  diagnosis  can  be  accommodated 
in  the  genus  Dictyotriletes.  The  latter  is  for  azonate  forms  which  possess  either  a distal 
reticulum,  e.g.  D.  bireticulatus,  or  are  comprehensively  ornamented,  e.g.  D.  media- 
reticulatiis  (Ibrahim)  Potonie  and  Kremp.  This  broad  interpretation  of  Dictyotriletes  is 
used  in  the  present  paper  awaiting  a reappraisal  of  the  structural  organization  of  zonate 
and  azonate  reticulate  species  undertaken  by  a working  group  of  the  ‘Commission 
Internationale  de  Microflore  du  Paleozoique’. 


Dictyotriletes  [Reticidatisporites]  cf.  clatriformis  (Artuz  1957)  comb.  nov. 

Plate  58,  fig.  20;  Plate  59,  figs.  1,  2 

Description.  Size  (43  specimens)  20-30fi,  mean  24ft.  Amb  circular  to  oval.  Trilete  rays 
indistinct.  Exine  laevigate,  less  than  Ip,  thick.  Muri  0-7-1  ju,  wide  and  vary  in  height  from 
T5-3-5jU.;  about  10  muri  cross  the  equator.  Lumen  rounded  to  polygonal,  3-5-6-5/u,  in 
maximum  diameter;  about  8 lumina  per  hemisphere. 

Remarks.  The  specimens  described  above  differ  from  those  of  Artuz  only  in  size:  she 
cites  the  maximum  diameter  as  30-45ft.  Another  small  reticulate  species  recorded  by 
Artuz,  viz.  Reticulatisporites  crassireticidatus,  is  probably  conspecific  with  D.  clatriformis 
and  merely  represents  a different  aspect  of  preservation  of  the  muri. 

The  dimensions  of  D.  [Reticulatisporites]  castaneaeformis  (Horst)  comb.  nov.  given 
by  Horst  (1955,  p.  169)  were  1 1-29/x  with  a mean  of  1 l-15ft.  The  figure  of  D.  castaneae- 
formis illustrated  by  Dybova  and  Jachowicz  (1957,  pi.  23,  fig.  4)  is  similar  to  the 
specimens  of  D.  cf.  clatriformis  from  the  Edgehills  coal  and  is  of  comparable  size  (24pi), 

Occurrence.  Edgehills  coal. 


Dictyotriletes  sagenoformis  sp.  nov. 

Plate  59,  figs.  5,  6 

Holotype.  Specimen  illustrated  as  PI.  59,  fig.  5 from  the  Edgehills  coal.  Size  61p. 

Diagnosis.  Size  (34  specimens)  58-73p,,  mean  61  p.;  circular  to  oval  in  equatorial  outline; 
reticulation  on  both  proximal  and  distal  surfaces,  muri  l-5-2-5p,  wide  and  up  to  10/r 
high,  about  10  muri  cross  the  equator. 

Description.  Colour  yellow  to  brown,  exine  laevigate,  approximately  2p,  thick  (excluding 
muri).  Trilete  rays  frequently  obscured  by  ornamentation,  extend  between  two-thirds 
and  three-quarters  of  the  radius  of  the  spore,  margins  slightly  raised.  Reticulum  composed 
of  prominent  muri  6-lOp,  high  and  T5-2-5jU.  wide.  In  cross-section  the  muri  have 
tapering  walls  and  rounded  to  blunted  crests.  On  compression  the  muri  are  irregularly 
folded  over  the  surface  of  the  spore;  one  mums  overlaps  the  equator  of  the  spore  and 
runs  parallel  to  it  over  much  of  its  circumference.  Lumina  irregular,  polygonal  or 
quadrangular  in  shape  and  have  a maximum  diameter  of  20p,,  average  12-15|U,.  Number 
of  lumina  per  hemisphere  varies  between  8 and  1 1 . 

B b 
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Comparison.  The  reticulum  of  D.  sagenoformis  is  similar  in  construction  to  that  of 
Reliculatisporites  muricatus  Kosanke  1950  and  R.  fimbriatus  Knox  1950,  but  the 
diameter  of  the  spores  is  considerably  smaller. 

Occurrence.  Edgehills  coal. 

Genus  corbulispora  Bharadwaj  and  Venkatachala  1961 
Type  species.  C.  retiformis  Bharadwaj  and  Venkatachala  1961. 

Remarks.  This  genus  was  erected  for  Lower  Carboniferous  spores  which  had  a com- 
prehensive reticulum  composed  of  broad  low  muri  which  were  sometimes  discontinuous. 
The  trilete  rays  were  accompanied  by  wide  thickened  labra.  It  is  probable  that  the  type 
species  C.  retiformis  is  conspecific  with  C.  cancellata  (Waltz)  Bharadwaj  and  Venka- 
tachala 1961. 

Corbulispora  subalveolaris  (Luber  1938)  Sullivan  1964  (in  press) 

Plate  59,  figs.  3,  4 

1938  Azonotriletes  subalveolaris  Luber  in  Luber  and  Waltz  pi.  5,  fig.  72 
1955  Dictyotriletes  subalveolaris  (Luber)  Potonie  and  Kremp 

1960  Dictyotriletes  subalveolaris  (Luber)  Potonie  and  Kremp;  Love  pi.  1,  fig.  9,  p.  116. 

Description.  Size  (17  specimens)  61-68ju,,  mean  65p.  Amb  circular  to  oval.  Trilete  rays 
usually  obscured  by  ornament,  but  when  observed  they  are  distinct  and  accompanied 
by  broad  flat  lips  up  to  Ip  wide  individually  with  irregularly  scalloped  outline;  tecta 
extend  three-quarters  radius  of  the  spore  or  more.  Muri  about  5p  high  with  rounded 
crests,  often  thickened  at  the  junctions.  Lumina  polygonal,  up  to  21;Lt  in  diameter 
(average  \2-l5p).  The  number  of  lumina  per  hemisphere  is  between  8 and  11. 


EXPLANATION  OF  PLATE  59 

All  figures  x 500  unless  otherwise  stated. 

Figs.  1-2.  Dictyotriletes  cf.  clatriformis  (Artuz)  comb.  nov. ; Edgehills  coal.  1,  UDl/304766,  Proximal 
surface.  2,  UD2/353636,  Distal  surface. 

Figs.  3-4.  Corbulispora  subalveolaris  (Luber)  Sullivan  1964;  Drybrook  Sandstone.  3,  LD2/243668, 
Proximal  surface.  4,  LDl/287833,  Distal  surface. 

Figs.  5-6.  Dictyotriletes  sagenoformis  sp.  nov.;  Edgehills  coal.  5,  UDl/249804,  Distal  surface.  6, 
UD2/271789,  Holotype,  Proximal  surface. 

Figs.  7-10.  Triquitrites  tricoranatus  sp.  nov.;  Edgehills  coal.  7,  Holotype,  SMUD/2,  Proximal  surface. 
8,  UD9/306713,  Proximal  surface.  9,  UDl/486660,  Proximal  surface.  10,  UD2/139803,  Distal  surface. 

Figs.  11-13.  Simozonotriletes  siblyana  sp.  nov.;  Edgehills  coal.  11,  Holotype,  UD3/028659,  Proximal 
surface.  12,  UD3/193697,  Distal  surface.  13,  UD5/122753,  Distal  surface. 

Figs  14-21.  Vallatisporites  spp.  14-15,  V.  ciliaris  (Luber)  comb,  nov.;  Drybrook  Sandstone.  14, 
LD2/279702,  Distal  surface.  15,  LD2/425678,  Proximal  surface.  16,  V.  cf.  ciliaris  (Luber)  comb,  nov., 
Drybrook  Sandstone;  LD2/059645,  Proximal  surface.  17-19.  V.  galearis  sp.  nov.;  Drybrook  Sand- 
stone; LD2/069802.  Proximal  view.  18,  19.  Holotype,  LD2/025839,  Distal  view;  19,  X 1,000.  20-21. 
V.  communis  sp.  nov.;  Drybrook  Sandstone.  20,  Holotype,  LD2/029775,  Proximal  surface.  21,  LD2/ 
308797,  Proximal  surface. 
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Remarks.  The  specimens  of  C.  subalveolaris  from  the  Drybrook  Sandstone  have  a more 
restricted  size  than  has  previously  been  recorded  for  this  species : in  all  other  characters 
they  are  closely  similar.  The  species  is  assigned  to  CorbuJispora  because  it  displays  the 
typical  development  of  the  reticulum  and  of  the  trilete  mark. 

Occurrence.  Drybrook  Sandstone. 

Turma  zonales  (Bennie  and  Kidston)  R.  Potonie  1956 
Subturma  auritotriletes  Potonie  and  Kremp  1954 
Infraturma  auriculati  (Schopf)  Potonie  and  Kremp  1954 
Genus  triquitrites  (Wilson  and  Coe)  Schopf,  Wilson  and  Bentall  1944 

Type  species.  T.  arculatiis  Wilson  and  Coe  1940. 

Triquitrites  tricorouatus  sp.  nov. 

Plate  59,  figs.  7-10 

Holotype.  Specimen  illustrated  as  PI.  59,  fig.  7 from  the  Edgehills  coal.  Size  58  p,. 

Diagnosis.  Size  (28  specimens)  40-60;u,  mean  50p;  amb  triangular  with  convex  sides 
and  prominent  thickened  apices;  radial  portions  of  the  auriculae  frequently  bilobate; 
exine  of  spore  cavity  ornamented  with  scattered  rounded  projections  up  to  3p  high  and 
wide ; ornament  confined  to  distal  and  equatorial  parts  of  the  spore  cavity. 

Description.  Colour  yellow  to  brown.  Outline  of  spore  cavity  triangular  with  straight  or 
convex  sides  and  rounded  apices.  Exine  of  spore  cavity  1-1 -510,  thick,  laevigate.  Ornament 
consists  of  rounded  scattered  projections  up  to  3p  high  and  wide  interspersed  with 
conical  or  baculose  elements.  Ornament  confined  to  distal  and  equatorial  parts  of  the 
spore  cavity.  Trilete  rays  prominent,  tecta  straight,  extend  almost  to  margin.  Auriculae 
up  to  18/x  long  in  a radial  direction:  proportion  of  length  to  width  0-5:1  to  T5:l.  Radial 
margin  blunted  to  broadly  rounded,  frequently  bilobate,  rarely  trilobate.  The  auriculae 
may  be  joined  by  a narrow  thickened  zone  along  the  interradial  margins,  up  to  5p  wide, 
which  sometimes  overlaps  on  to  the  proximal  surface  of  the  spore  cavity.  Radial  folds 
may  be  present  at  the  apices  and,  in  some  cases  (e.g.  PI.  59,  fig.  10),  continue  in  an 
arcuate  arrangement  on  to  the  distal  surface  (kyrtomes). 

Occurrence.  Edgehills  coal. 

Subturma  zonotriletes  Luber  1935 
Infraturma  cingulati  Potonie  and  Klaus  1954 
Genus  simozonotriletes  (Naumova)  Potonie  and  Kremp  1954 

Type  species.  S.  intortus  (Waltz)  Potonie  and  Kremp  1954. 

Simozonotriletes  siblyana  sp.  nov. 

Plate  59,  figs.  11-13 

Holotype.  Specimen  illustrated  as  PI.  59,  fig.  1 1 from  the  Edgehills  coal.  Size  35/^. 

Diagnosis.  Size  (37  specimens)  30-45;U,  mean  36p',  amb  triangular;  three  radial  thicken- 
ings meet  at  the  distal  pole ; equatorial  border  differentiated  into  three  concentric  zones 
of  variable  thickness. 
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Description.  Colour  yellow  to  greenish-yellow.  Amb  triangular  with  straight,  or  slightly 
concave  or  convex  sides  and  rounded  apices.  Trilete  rays  distinct,  tecta  simple,  extend 
to  margin  of  spore  cavity.  Proximal  surface  markedly  pyramidal,  distal  surface  oblate. 
There  are  three  radial  thickenings  present  on  the  distal  surface  and  they  bisect  the 
angles  between  the  rays.  Width  of  thickenings  ?>-5p,  but  they  may  extend  up  to  8ju-  wide 
at  the  distal  pole.  Equatorial  border  2-6/x  wide  and  divided  into  three  concentric  zones 
by  a narrow  central  band  (rarely  greater  than  0-5p-  wide)  which  appears  lighter  in  colour 
than  the  remainder  of  the  border.  Tripartite  differentiation  not  always  apparent  at  low 
magnifications  and  is  best  seen  under  oil  immersion.  The  radial  thickenings  arise  from 
either  the  inner  or  outer  dark  zones  of  the  border.  Spore  often  laterally  compressed 
and  may  result  in  a fracture  along  the  junction  between  the  spore  cavity  and  the  border. 
Remarks.  This  species  is  dedicated  to  T.  F.  Sibly  whose  work  contributed  so  much  to 
our  knowledge  of  the  succession  and  structure  of  the  Forest  of  Dean  basin. 

Occurrence.  Edgehills  coal. 

Genus  vallatisporites  Hacquebard  1957 
Type  species.  V.  vallatus  Hacquebard  1957. 

Generic  description.  Radial  trilete  miospores,  amb  circular  or  subtriangular.  Exine 
two-layered;  intexine  thin  and  laevigate.  Exoexine  over  the  proximal  portion  of  the 
spore  cavity  is  thin  and  without  structure  or  sculpture.  Over  the  distal  hemisphere  it 
is  thickened  and  usually  displays  a well-marked  infrapunctation.  Equatorial  border 
internally  vacuolate  (Staplin  and  Jansonius  (in  press)).  Adjacent  to  the  junetion  with 
the  spore  cavity  there  is  a narrow,  lighter-appearing  ‘groove’  to  which  the  name  cimiculus 
is  applied.  The  cuniculus  is  located  at  the  equator  of  the  spore  cavity  and  probably 
represents  the  space  between  the  margin  of  the  spore  cavity  and  the  inner  surface  of 
the  equatorially  expanded  exoexine  (text-fig.  3).  Distal  exoexine  ornamented  with  grana, 
cones,  verrucae,  or  spinose  elements.  The  ornament  is  sometimes  found  on  the  proximal 
region  of  the  equatorial  border  as  well  as  on  the  distal  surface.  Trilete  sutures  indistinct; 
exoexine  folded  in  a characteristic  manner  above  the  rays. 

Comparison.  Densosporites  is  distinguished  from  Vallatisporites  by  the  more  abrupt 
thickening  of  the  cingulum,  by  the  less  pronounced  cuniculus,  the  usual  absence  of 
vacuolation  and  folds  accompanying  the  rays,  and  also  by  the  thinner  distal  exoexine. 
Kraeuselisporites  Leschik  1955  as  emended  by  Jansonius  (1962,  pp.  46-7)  bears  some 
resemblance  to  Vallatisporites,  but  the  equatorial  border  is  zonate  and  lacks  the  internal 
vacuolation. 


Vallatisporites  ciliaris  (Luber  1938)  comb.  nov. 

Plate  59,  figs.  14,  15 

1938  Zonotriletes  ciliaris  Luber  in  Luber  and  Waltz  pi.  6,  fig.  82. 

Description.  Size  (18  specimens)  50-70ft,  mean  62/x.  Amb  triangular  with  convex  sides 
and  rounded  apices,  sometimes  almost  circular.  Trilete  rays  indistinct  on  the  intexine, 
tecta  sinuous,  extend  to  equator  of  the  spore  cavity.  Exoexine  folded  above  the  rays. 
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folds  up  to  5/Ji  high  at  the  apex  and  decrease  uniformly  in  height  towards  the  equator. 
Folds  may  terminate  at  the  equator  of  the  spore  cavity  or  continue  on  to  the  border. 


Intexine  thin  and  transparent,  folded  in- 
dependently of  the  exoexine,  frequently 
withdrawn  from  the  margin  of  the  spore 
cavity.  Exoexine  over  proximal  surface  of 
the  spore  cavity  is  thin  and  without  struc- 
ture ; over  the  distal  surface  it  is  thickened 
and  possesses  a well-marked  infrapuncta- 
tion.  Ornamentation  usually  consists  of 
cones  with  rounded  or  pointed  crests,  up 
to  3jj.  high  and  3-5/x  wide  at  the  base.  These 
cones  are  interspersed  with  other  elements 
which  consist  of  a sharply  tapered  spine 
on  a broad  bulbous  base.  Their  shape  is 
reminiscent  of  the  spiked  helmet  or  ‘Pickel- 
haube’  worn  by  the  Prussian  Guards  and 
have  been  termed  galeae.  Elements  of  a 
similar  shape  are  characteristic  of  certain 
genera  of  the  Malvaceae,  e.g.  Malvastrum, 
Gossypium,  and  Sida  whose  pollen  has 
recently  been  described  and  figured  by 
Saad  (1960).  Galeae  differ  from  mammilate 
elements  by  the  length  of  the  spine.  In 
certain  specimens  of  this  species  galeae 
form  the  dominant  ornamentation.  The 
equatorial  border  maintains  a constant 
proportion  of  two-fifths  of  the  total  spore 
radius.  The  border  appears  bizonate : there 
is  an  inner  light  zone  and  an  outer  dark 
one.  The  boundary  between  the  two  is 
irregularly  scalloped  and  close  examination 
reveals  that  the  light  zone  is  formed  by  the 
lateral  coalescence  of  adjacent  vacuoles. 
In  some  areas  residual  strands  still  separate 
the  pyriform  vacuoles  and  impart  a radially 
patterned  appearance  to  the  light  zone. 
A row  of  circular  pits  in  diameter 
lies  on  the  border  immediately  adjacent 
to  the  cuniculus. 


TEXT-FIG.  3.  Diagrammatic  representation  of 
Vallatisporites  ciliaris,  approximately  X 800.  View 
of  proximal  surface,  hypothetical  cross-section, 
and  distal  surface. 


Comparison.  The  species  Vallatisporites  [Tholisporites]  foveolatus  comb.  nov.  (Hughes 
and  Playford  1961)  is  of  comparable  size  to  V.  ciliaris,  but  shows  an  equatorial  thinning 
of  the  border  and  the  dimensions  of  the  ornament  appear  to  be  smaller. 


Occurrence.  Drybrook  Sandstone. 
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VaUatisporites  cf.  ciUaris  (Luber)  comb.  nov. 

Plate  59,  fig.  16 

Description.  Size  (5  specimens)  60-70/x.  The  distal  ornamentation  of  cones  and  spines 
is  lacking,  but  in  all  other  characters  the  spores  are  similar  to  V.  ciliaris. 

Occurrence.  Drybrook  Sandstone. 

VaUatisporites  communis  sp.  nov. 

Plate  59,  figs.  20,  21 

Holotype.  Specimen  illustrated  as  PI.  59,  fig.  20  from  the  Drybrook  Sandstone.  Size  54/x. 

Diagnosis.  Size  (85  specimens)  50-65fr,  mean  51  p\  thickened  infrapunctate  exoexine 
of  the  distal  hemisphere  of  the  spore  ornamented  with  cones,  spines,  and  galeae  up  to 
6/x  high  and  Ag,  wide  at  the  base. 

Description.  Amb  triangular  with  broadly  convex  sides  and  rounded  apices.  Trilete 
rays  indistinct,  tecta  sinuous,  extend  almost  to  the  margin  of  the  spore  cavity.  Exoexine 
folded  above  the  sutures,  folds  may  continue  to  the  equator  of  the  spore.  Distal  exoexine 
thickened  and  markedly  infrapunctate.  Ornamentation  consists  of  uniformly  tapered 
spines  wliich  reach  a maximum  of  4g  and  galeae  which  extend  up  to  5g  in  height 
(usually  about  3g  high  and  wide) ; elements  about  2-5g  apart.  In  some  specimens  spines 
are  concentrated  in  a zone  below  the  margin  of  the  spore  cavity  and  here  they  may 
reach  up  to  6g  in  height.  Spines  and  galeae  are  also  present  on  the  equatorial  border; 
typically,  there  is  a higher  proportion  of  spines  to  galeae  on  the  border.  Width  of  border 
one-third  to  one-half  the  total  radius  of  the  spore.  Cuniculus  well  defined. 

Comparison.  This  species  differs  from  V.  ciliaris  by  the  presence  of  a well-marked 
ornamentation  on  the  distal  surface  of  the  border  and  by  the  smaller  size  of  the  elements 
over  the  remainder  of  the  region. 

Occurrence.  Drybrook  Sandstone. 

VaUatisporites  galearis  sp.  nov. 

Plate  59,  figs.  17-19 

Holotype.  Specimen  illustrated  as  PI.  59,  fig.  17  from  the  Drybrook  Sandstone.  Size  51g. 

Diagnosis.  Size  (19  specimens)  50-6 1/r,  mean  55g;  amb  subtriangular;  ornamentation 
of  large  galeae  4-5ju,  wide  at  the  base  and  up  to  5g  high  on  the  distal  surface  of  the 
spore  cavity,  occasional  smaller  elements  on  the  border;  infrapunctation  not  well 
marked;  border  of  uniform  thickness,  internally  vacuolate. 

Description.  Amb  triangular  with  broadly  convex  sides  and  rounded  apices.  Little 
colour  differentiation  between  the  spore  cavity  and  the  equatorial  border.  Trilete  rays 
indistinct,  extend  to  margin  of  the  spore  cavity.  Thin  proximal  exoexine  folded  above 
the  sutures ; folds  up  to  6g  high  at  the  apex  and  decrease  to  2g  at  their  termini.  Distal 
exoexine  only  slightly  thickened  and  displays  a fine  infrastructure.  Galeae  large,  2-5g 
in  basal  diameter  and  up  to  5g  high;  spinose  portion  about  2g  high,  may  be  incurved. 
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sometimes  broken  oflF.  Bases  of  galeae  may  coalesce.  Ornamentation  sparse  or  absent 
on  the  equatorial  border:  small  galeae  and  spines  up  to  2ft  high  are  often  visible  at  the 
equator.  Width  of  border  is  about  one-third  of  the  total  radius  of  the  spore. 

Comparison.  The  infragranulation  of  V.  communis  is  more  prominently  displayed  and 
the  general  size  of  the  ornament  is  less  than  in  V.  galearis. 

Occurrence.  Drybrook  Sandstone. 

Genus  savitrisporites  Bhardwaj  1955 
Type  species.  S.  triangiihis  Bhardwaj  1955. 

Synonym.  Callisporites  Butterworth  and  Williams  1958. 

Remarks.  The  genus  Callisporites  is  believed  to  be  congeneric  with  Savitrisporites. 
Butterworth  and  Williams  (1958,  p.  377)  differentiated  Callisporites  from  Savitrisporites 
on  the  basis  of  the  lack  of  apical  thickening  and  the  presence  of  a comprehensive 
ornamentation.  Re-examination  of  the  type  material  (kindly  placed  at  the  author’s 
disposal  by  Dr.  M.  A.  Butterworth  and  Dr.  A.  V.  H.  Smith)  has  established  that  the 
ornament  in  Callisporites  is  restricted  to  the  distal  surface.  The  ‘slightly  thickened’ 
angles  mentioned  by  Bhardwaj  (1955,  p.  127)  is  hardly  a character  worthy  of  generic 
distinction. 


Savitrisporites  mix  (Butterworth  and  Williams)  comb.  nov. 

Plate  60,  figs.  1-5 

Description.  Size  (78  specimens)  30-60ft,  mean  47ft;  range  quoted  by  Butterworth  and 
Williams  (1958,  p.  127)  was  40-60ft.  Amb  triangular  with  straight  or  slightly  concave 
sides,  rarely  convex  (PL  60,  fig.  3)  and  broad  rounded  apices.  Proximal  surface  pyramidal 
in  shape  and  is  without  ornamentation:  distal  surface  convex.  Ornamentation  is  com- 
posed of  linear  elements  formed  from  the  basal  fusion  of  rounded  cones  and  verrucae 
(e.g.  PL  60,  fig.  5);  these  were  described  by  Bhardwaj  (1955,  p.  127)  as  ‘peaked  ridges’. 
Ridges  up  to  30ft  long  and  3-5ft  high:  in  the  majority  of  cases  their  length  is  4 to  8 times 
as  great  as  their  height.  Trilete  rays  distinct,  tecta  extend  to  margin  of  spore  cavity. 
Broad  low  elevations  (?  lips)  are  present  on  either  side  of  the  rays.  Individually  they  may 
be  up  to  5ft  wide  and  maintain  a constant  breadth  to  the  spore  cavity  margin.  In  other 
cases  (PL  60,  fig.  4),  they  become  expanded  into  broad  lobes  at  their  termini  (up  to  14ft 
in  total  width).  Margins  of  the  thickened  bands  are  straight  or  sinuous.  Equatorial 
border  laevigate,  one-quarter  to  half  radius  of  the  spore. 

Remarks.  The  size  range  of  S.  triangulus  is  given  as  53-65ft  and  therefore  lies  within  the 
limits  of  S.  mix.  The  ornament  of  the  two  species  is  very  similar  and  forms  no  basis  for 
differentiation:  Bhardwaj  (1955,  p.  127)  in  his  diagnosis  of  S.  triangulus  makes  no  men- 
tion of  the  broad  bands  associated  with  the  rays,  but  these  are  sometimes  difficult  to 
see  unless  the  specimen  is  examined  under  oil  immersion. 

The  spore  figured  as  Converrucosisporites  triquetrus  (Ibrahim)  Potonie  and  Kremp 
by  Artuz  (1959,  pi.  ii,  fig.  16)  is  probably  S.  nux.  The  holotype  of  Lycospora  percusa 
(Horst)  Potonie  and  Kremp  (in  Horst  1955,  pi.  24,  fig.  74)  is  poorly  illustrated  but  appears 
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to  have  a similar  organization  to  S.  nux.  S.  major  Bhardwaj  1957  and  its  probable  syno- 
nym Dictyotriletes  camptotiis  Alpern  1948  are  larger  and  have  more  rounded  outlines. 

Occurrence.  Edgehills  coal. 


Savitrisporites  asperatus  sp.  nov. 

Plate  60,  figs.  6-8 

Holotype.  Specimen  illustrated  as  PI.  60,  fig.  7 from  the  Edgehills  coal.  Size  40  /x. 

Diagnosis.  Size  (53  specimens)  30-47/x,  mean  40ja;  amb  subtriangular;  distal  surface 
irregularly  thickened,  proximal  surface  smooth;  broad  thiekened  bands  accompany 
the  rays  and  are  expanded  at  their  termini ; equatorial  region  often  ill-defined. 

Description.  Reddish-brown  in  colour.  Amb  triangular  with  concave  or  convex  sides 
and  round  or  blunted  apices.  Trilete  rays  sometimes  obscured  by  body  colour,  vertex 
may  be  raised,  tecta  sinuous,  extend  almost  to  margin.  Broad  thickened  bands  (?  lips) 
are  present  on  both  sides  of  the  rays,  2-5p  wide,  and  often  expanded  into  pad-like 
thickenings  at  the  apices.  Proximal  surface  markedly  pyramidal,  distal  portion  oblate. 
No  distinct  ornamentation  elements  can  be  recognized  in  the  distal  sculpture,  but 
differences  in  the  thickness  of  the  exine  are  revealed  by  variation  in  the  density  of  the 
colour.  The  area  around  the  distal  pole  is  often  unthickened.  Equatorial  border  some- 
times obscured  by  overlapping  distal  ornamentation.  Margin  smooth  to  irregular. 
Spores  often  obliquely  preserved. 

Comparison.  S.  asperatus  differs  from  S.  nux  by  being  smaller  in  size,  having  a more 
disorganized  distal  sculpture  and  more  prominent  labiate  structures.  It  is  possible  that 
S.  asperatus  may  be  an  abortive  or  immature  form  of  S.  nux. 

Occurrence.  Edgehills  coal. 


Genus  bellispores  Artuz  1957 

Type  species.  B.  bellus  Artuz  1957. 

Generic  description.  Spores  radial,  trilete,  lenticular  in  polar  section.  Amb  triangular 
with  straight  or  concave  sides.  Trilete  rays  prominent,  tecta  long  and  straight.  Three 


EXPLANATION  OF  PLATE  60 

All  figures  x 500  unless  otherwise  stated. 

Figs.  1-5.  Savitrisporites  nux  (Butterworth  and  Williams)  comb,  nov.;  Edgehills  coal.  1,  UD3/153708, 
Distal  surface.  2,  UD2/263702,  Distal  surface.  3,  UD2/465764,  Distal  surface.  4,  5.  SMUD/3, 
X 1,000.  4,  Proximal  surface.  5,  Distal  surface. 

Figs.  6-8.  Savitrisporites  asperatus  sp.  nov.;  Edgehills  coal.  6,  SMUD/4.  Distal  surface.  7,  Holotype, 
UD2/452650,  Distal  surface,  8,  UD2/277663,  Proximal  surface. 

Figs.  9-11.  Bellispores  bellus  yWtuz  1957 ; Edgehills  coal.  9,  1 1.  UD5/232830,  Distal  surface.  9,  X 1,000, 
10,  UD7/372726,  Proximal  surface. 

Fig.  12.  Cirratriradites  saturni  (Ibrahim)  Schopf,  Wilson  and  Bentall  1944;  Edgehills  coal.  UDl/032771, 
Distal  surface. 

Figs.  13-15.  Crassispora  kosankei  (Potonie  and  Kremp)  Bhardwaj  1957;  Edgehills  coal.  13,  UD3/ 
216680,  Proximal  surface.  14,  SMUD/5,  Distal  surface.  15.  SMUD/6,  Proximal  surface. 

Fig.  16.  Laevigatosporites  maximus  (Loose)  Potonie  and  Kremp  1955;  Edgehills  coal;  UD9/079799, 
Lateral  view. 
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radial  thickenings  are  located  on  the  distal  surface.  Equatorial  border  narrow,  of 
uniform  thickness. 


Bellispores  beUiis  Artuz  1957 
Plate  60,  figs.  9-1 1 

1957  Simozonotriletes  trilinearis  Artuz  , p.  251,  pi.  5,  fig.  36. 

Description.  Size  (53  specimens)  28-45/r,  mean  36/x.  Amb  triangular  with  concave  sides 
and  rounded  apices.  Trilete  rays  distinct,  tecta  exceed  four-fifths  of  the  radius  of  the 
spore  cavity.  Exine  of  proximal  and  distal  surfaces  laevigate.  Radial  thickenings  usually 
well  defined  (PI.  60,  figs.  9, 1 1),  but  may  sometimes  be  indistinct  (PI.  60,  fig.  10).  Width  of 
thickenings  vary  between  2-6-5p,  most  commonly  3-5p;  maximum  height  about  4^. 
The  margins  of  the  thickenings  may  be  irregularly  sinuous  and  are  frequently  more 
concave  than  the  equator  of  the  spore.  The  radial  bands  usually  continue  to  the  equator. 
Equatorial  border  3-5f<-  wide.  Irregularly  distributed  punctations  (0-5ju,  in  diameter)  and 
short  narrow  grooves  (up  to  T5/x  long)  are  present  on  the  radial  thickenings  (PI.  60, 
fig.  9)  and  near  the  inner  boundary  of  the  border;  elsewhere  they  are  less  common. 

Comparison.  B.  bellus  may  most  easily  be  distinguished  from  Bellispores  [Lycospora] 
nitidus  (Horst)  comb.  nov.  by  the  greater  concavity  of  the  radial  thickenings. 

Occurrence.  Edgehills  coal. 

Infraturma  zonati  Potonie  and  Kremp  1954 
Genus  cirratriradites  Wilson  and  Coe  1940 

Type  species.  C.  maculatiis  Wilson  and  Coe  1940. 

Cirratriradites  saturni  (Ibrahim)  Schopf,  Wilson,  and  Bentall  1944 

Plate  60,  fig.  12 

Description.  Size  (23  specimens)  60-93^.1,  mean  16p;  amb  rounded  triangular.  Trilete 
rays  distinct,  folds  accompany  the  rays  and  extend  into  the  zona.  Spore  cavity  infra- 
granular,  frequently  pitted  due  to  corrosion.  Zona  8-1  l^t  wide,  but  may  extend  up  to 
lOp  wide  at  the  apices.  One  clearly  marked  fovea  is  present  at  the  distal  pole,  20-23p 
in  diameter,  surrounding  wall  2p  wide.  Occasionally  two  foveae  are  visible. 

Occurrence.  Edgehills  coal. 

Infraturma  crassiti  Bharadwaj  and  Venkatachala  1961 
Genus  crassispora  Bhardwaj  1957 

Type  species.  C.  ovalis  Bhardwaj  1957. 

Generic  description.  Radial  trilete  miospores.  Amb  circular  to  oval  or  roundly  triangular. 
Exoexine  finely  to  coarsely  infrapunctate;  crassitudinous  thickening  present  at  the 
equator.  Distal  surface  ornamented  with  cones  and,  occasionally,  spines;  proximal 
surface  without  ornamentation.  Intexine  thin  and  translucent,  outline  rarely  seen; 
margin  conformable  to  equator  of  the  spore.  Apical  papillae  visible  in  intertectal  areas. 
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These  are  particularly  well  seen  in  over-macerated  specimens  (Wilson  and  Venkatachala 
(in  press)).  Trilete  rays  usually  indistinct,  sometimes  accompanied  by  folds. 

Remarks.  Until  recently,  Crassispora  had  generally  been  regarded  as  an  Upper  Carbo- 
niferous genus,  but  now  it  is  known  to  occur  in  the  Lower  Carboniferous  successions 
of  Spitzbergen  and  Britain.  Bhardwaj  and  Venkatachala  (1961)  have  reported  C.  vestita  | 
and  C.  spitsbergense  from  the  Tournaisian  of  Spitsbergen.  The  Visean  rocks  of  that  area  f , 
were  characterized  by  Crassispora  [Spinozonotriletes]  balteata  (Playford  1963)  comb.  | 
nov.  Forms  similar  to  C.  balteata  have  been  recorded  from  the  Lower  Limestone  Shales  |[: 
of  Tournaisian  age  from  the  Forest  of  Dean  by  Sullivan  (1964).  Crassispora  [Apicuta-  ') 
tispora]  maculosa  (Knox  1950)  comb.  nov.  has  a widespread  occurrence  in  Upper 
Visean  and  Namurian  A rocks  of  Britain. 

Crassispora  kosankei  (Potonie  and  Kremp)  Bhardwaj  1957 
Plate  60,  figs.  13-15 

Description.  Size  (50  measured  specimens)  45-70;^,  mean  60g.  Distal  ornamentation 
of  broad  based  cones  up  to  l-5p  high  and  wide  with  occasional  spines  and  mammilate 
elements.  Exine  has  a well-marked  infrapunctation.  Trilete  rays  indistinct,  sometimes 
accompanied  by  folds  (PI.  60,  fig.  15)  or  may  have  a triangular  gape  at  the  apex.  Between 
the  tecta  three  circular,  darker-appearing  areas  are  visible:  these  are  the  apical  papillae. 
They  often  have  a resinous  texture  and  measure  2-2-5g  in  diameter.  There  is  a crassi- 
tudinous  thickening  of  the  exoexine  at  the  equator  which  occupies  a fifth  to  a third  of 
the  total  radius;  inner  margin  of  thickening  ill-defined.  Intexine  thin  and  translucent, 
often  difficult  to  detect;  only  rarely  is  its  boundary  well  displayed  (PI.  60,  fig.  14). 
Secondary  folds  common. 

Remarks.  The  dimensions  of  the  specimens  from  the  Edgehills  coal  span  the  interval  ! 

between  the  size  limits  of  the  two  species  C.  kosankei  (65-85^)  and  C.  ovalis  (45-55ju,).  j. 

These  two  species  are  otherwise  indistinguishable  and  it  seems  doubtful  whether  they 
should  be  retained  as  separate  entities. 

Occurrence.  Edgehills  coal. 

Turma  monoletes  Ibrahim  1933 
Subturma  azonomonoletes  Luber  1935 
Infraturma  laevigatimonoleti  Dybova  and  Jachowicz  1957 
Genus  laevigatosporites  Ibrahim  1933 

Type  species.  L.  vulgaris  Ibrahim  1933. 

Laevigatosporites  maximus  (Loose)  Potonie  and  Kremp  1955 
Plate  60,  fig.  16 

Description.  Size  (21  specimens)  1 10-138;li,  mean  \22p.  Exine  yellow  in  colour,  laevigate. 
Crescentic  secondary  folds  common.  Monolete  suture  three-quarters  to  four-fifths  long 
axis  of  the  spore. 

Occurrence.  Edgehills  coal. 
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Anteturma  pollenites  R.  Potonie  1931 
Turma  saccites  Erdtman  1947 
Subturma  monosaccites  (Chitaley)  Potonie  and  Kremp  1954 
Infraturma  triletisacciti  Leschik  1955 
Genus  auroraspora  Hoflfmeister,  Staplin  and  Malloy  1955 

Type  species.  A.  solisortus  Hoffmeister,  Staplin  and  Malloy  1955. 

Auroraspora  balteola  sp.  nov. 

Plate  61,  figs.  1-3 

Holotype.  Specimen  illustrated  as  PI.  61,  fig.  1 from  the  Edgehills  coal.  Size  105/r. 

Diagnosis.  Size  (51  specimens)  85-125ft,  mean  110/x;  amb  circular,  subtriangular  or 
oval;  spore  body  three-quarters  total  radius  of  the  spore;  exine  of  spore  body  and 
saccus  minutely  infrapunctate ; trilete  rays  half  to  three-quarters  radius  of  the  spore; 
saccus  1 -5-2111  thick. 

Description.  Colour  pale  yellow  to  brown.  Colour  contrast  between  spore  body  and 
saccus  is  variable;  in  most  specimens  (e.g.  PI.  61,  fig.  1)  the  spore  body  is  only  slightly 
darker  than  the  enclosing  saccus,  while  in  others  (PI.  61,  figs.  2,  3)  the  spore  body 
appears  much  darker.  Exine  of  saccus  infrapunctate;  about  1-5-2^  tliick.  Spore  body 
eccentrically  placed.  Secondary  folds  common:  in  a typical  arrangement  there  is  a 
parallel-sided  fold  along  whole  or  part  of  the  equator  and  crescentic  folds  elsewhere 
over  the  spore  body.  The  saccus  is  folded  independently  of  the  spore  body  over  the 
distal  hemisphere  and  over  much  of  the  proximal  surface.  The  saccus  may  be  attached 
to  the  spore  body  at  the  proximal  pole  or  possibly  along  the  rays.  Spore  body  circular 
or  subtriangular  in  outline,  about  three-quarters  total  radius  of  the  spore.  Exine  laevigate 
to  finely  infrapunctate.  Trilete  rays  thread-hke,  straight,  extend  from  a half  to  two- 
thirds  radius  of  spore  body ; tecta  frequently  torn  apart  at  the  apex. 

Comparison.  A.  solisortus  is  smaller  and  the  proportion  of  the  spore  body  to  the  saccus 
is  less  than  for  A.  balteola.  Endosporites  golatensis  Staplin  1960  is  similar  to  A.  balteola 
in  the  spore  body/saccus  ratio  and  in  the  nature  of  the  secondary  folds,  but  is  larger 
(108-140ft). 

Occurrence.  Drybrook  Sandstone. 

Genus  schulzospora  Kosanke  1950 
Type  species.  S.  ram  Kosanke  1950. 

Schulzospora  ocellata  (Horst)  Potonie  and  Kremp  1956 
Plate  61,  figs.  4,  5 

Description.  Size  (78  specimens)  55-100/a,  mean  78/a.  Amb  circular  to  oval,  outUne  of 
spore  body  also  circular  to  oval.  Proportion  of  the  minimum  to  maximum  diameter 
of  the  grains  varied  from  1 : T2  to  1 : 2-2.  The  oval  form  (PI.  61,  fig.  4)  resembles  the 
holotype  of  S.  ocellata  and  in  these  forms  the  tilt  of  the  spore  body  is  usually  more 
pronounced.  Elliptical  specimens  (PL  61,  fig.  5)  approach  the  shape  of  S.  campyloptera 
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(Luber)  Potonie  and  Kremp,  but  their  size  is  usually  below  the  lower  limit  (90/a)  for 
that  species. 

Occurrence.  Drybrook  Sandstone. 

Genus  florinites  Schopf,  Wilson  and  Bentall  1944 
Type  species.  F.  antiquiis  Schopf  in  Schopf,  Wilson  and  Bentall  1944. 

Florinites  spp. 

Plate  61,  figs.  6-8 

Description.  Size  (38  specimens)  53-lOlju.  Specimens  varied  in  the  shape  of  the  grain, 
prominence  of  spore  body,  axis  of  elongation  of  the  spore  body,  and  the  relative  pro- 
portions of  the  spore  body  diameter  to  the  maximum  diameter  of  the  grain.  The  number 
of  specimens  was  inadequate  to  allow  full  taxonomic  treatment  and  brief  descriptions 
only  of  the  various  members  of  the  assemblage  are  given  below. 

Forms  similar  to  F.  antiquiis  are  illustrated  in  PI.  61,  figs.  6,  7.  They  measured  from 
63-101^1  and  had  a circular  spore  body  whose  radius  was  approximately  equal  to  the 
circum-equatorial  width  of  the  saccus.  In  other  spores  (PI.  61,  fig.  7),  the  folded  spore 
body  had  a spindle-shaped  outline:  their  maximum  diameter  was  53-9 l/x.  Specimens  of 
F.  pumicosus  (Ibrahim)  Potonie  and  Kremp  in  which  no  spore  body  was  apparent 
ranged  from  72-100;u,  along  their  long  axis. 

Occurrence.  Edgehills  coal. 


Turma  aletes  Ibrahim  1933 

Subturma  azonaletes  (Luber)  Potonie  and  Kremp  1954 
Infraturma  psilonapiti  Erdtman  1947 
Genus  fabasporltes  gen.  nov. 

Type  species.  F.  pallidus  gen.  et  sp.  nov. 

Generic  diagnosis.  Amb  oval,  sometimes  circular.  Exine  thin,  laevigate,  or  may  bear 
dispersed  grana.  No  monolete  mark  visible.  Exine  folded:  usually  there  is  a single  fold 
located  along  the  major  axis  of  the  spore. 


EXPLANATION  OF  PLATE  61 
All  figures  x 500  unless  otherwise  stated. 

Figs.  1-3.  Auwraspom  balteola  sp.  nov.;  Drybrook  Sandstone.  1,  Holotype,  LD2/359807,  Proximal 
surface.  2,  LD2/332692,  Proximal  surface.  3,  LD2/041712,  Proximal  surface. 

Figs.  4-5.  Sdnilzospora  ocellata  (Horst)  Potonie  and  Kremp;  Drybrook  Sandstone.  4,  LD2/237665, 
Distal  surface.  5,  LD2/231838,  Proximal  surface. 

Figs.  6-8.  Florinites  spp.\  Edgehills  coal.  6,  UDl/273826.  7,  UD2/305682.  8,  UD3/287683. 

Figs.  9-11.  Fabasporites  pallidus  gen.  et  sp.  nov.;  Edgehills  coal.  9,  UD2/357633.  10,  UDlO/360715, 
X 1,000.  11,  Holotype,  UD 1/397678,  X 1,000. 

Figs.  12-13.  Cribrosporites  cribellatiis  gen.  et  sp.  nov.;  Drybrook  Sandstone.  12,  Holotype,  LD2/ 
153740,  Proximal  surface.  13,  ED7/188749,  Proximal  surface. 
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Comparison.  This  genus  is  distinguished  from  Aletes  Somers  1953  and  Inapertiiro- 
pollenites  (Thompson  and  Pflug)  Potonie  1958  by  the  presence  of  the  single  longitudinal 
fold. 

Remarks.  At  low  magnifications  the  fold  of  the  exine  resembles  a monolete  mark.  This 
feature  coupled  with  the  bean-shaped  outline  can  cause  the  spores  to  be  mistaken  for 
Laevigatosporites.  The  location  of  the  fold  is  presumably  controlled  by  some  inherent 
weakness  in  the  exine. 


Fabasporites  pallidas  gen.  et  sp.  nov. 

Plate  61,  figs.  9-11 

Holotype.  Specimen  illustrated  as  PI.  61,  fig.  11  from  the  Edgehills  coal. 

Diagnosis.  Size  (50  measured  specimens)  13-23/x,  mean  \ lp;  amb  usually  oval,  sometimes 
circular;  exine  thin,  less  than  0-5p.;  in  their  most  frequent  preservation  the  spores  have 
a single  longitudinal  fold. 

Description.  Amb  oval,  only  rarely  circular  (PI.  61,  fig.  9).  Exine  pale  and  translucent, 
less  than  0-5/x  thick.  Exine  essentially  laevigate,  but  there  may  be  low,  dome-shaped 
granules  dispersed  over  parts  of  the  exine.  Folding  of  the  exine  is  invariably  present: 
folds  are  crescentic,  usually  0-5-1 /x  high.  The  most  frequent  mode  of  preservation  is 
illustrated  in  PI.  61,  fig.  11.  The  spore  assumes  a pseudo-bilateral  symmetry:  the  bean- 
shaped outline  is  clearly  evident  and  the  single  fold  along  the  long  axis  simulates  a 
monolete  suture.  Other  minor  plications  are  sometimes  visible  (PI.  61,  fig.  10). 

Occurrence.  Edgehills  coal. 


INCERTAE  SEDIS 

Genus  cribrosporites  gen.  nov. 

Type  species.  C.  cribellatiis  gen.  et  sp.  nov. 

Generic  diagnosis.  Radial  trilete  miospores  which  have  a circular  or  convexly  triangular 
outline.  Exine  two-layered:  exoexine  ornamented  with  punctae  and  short  sinuous 
channels  (fragment!- vermiculate  sculpture),  intexine  thin  and  barely  discernible.  Folds 
usually  accompany  the  rays. 

Comparison.  The  ornament  of  the  exoexine  is  similar  to  that  described  for  Foveosporites 
Balme  1957,  but  in  this  genus  the  intexine  is  not  visible.  Retispora  Staplin  1960  has  a 
well-defined  spore  body  and  has  a differentiation  of  ornament  on  the  proximal  and 
distal  surfaces.  The  ornament  on  the  proximal  surface  is  described  as  granulose,  and 
on  the  distal  surface  it  varies  from  granulose  punctate  to  strongly  reticulate. 

Remarks.  The  presumed  structure  of  the  genus  is  given  in  text-fig.  4.  On  the  basis  of  this 
interpretation  it  cannot  be  assigned  satisfactorily  to  any  existing  supra-generic  taxon 
below  the  rank  of  subturma.  A saccus  in  the  strict  definition  of  the  term  is  not  present 
and  the  spore  can  hardly  be  described  as  ‘zonate’  because  there  is  no  extension  of  the 
exoexine  at  the  equator. 
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It  is  believed  that  a similar  structure  is  displayed  by  other  genera,  particularly  those 
which  occur  in  the  Devonian  and  Lower  Carboniferous.  Grandispora  Holfmeister, 
Staplin  and  Malloy  1955  and  Discernisporites  Neves  1958  serve  as  typical  examples. 
Spores  such  as  these  which  are  characterized  by  an  equatorial  separation  of  the  exine 
layers  are  being  studied  by  a working  group  of  the  ‘Commission  Internationale  de 
Microflore  du  Paleozoique’  as  part  of  a more  comprehensive  project  concerned  with 


TEXT-FIG.  4.  Diagrammatic  representation  of  Cribrosporites  cribellatus, 
approximately  X 750.  Proximal  view  and  hypothetical  cross-section. 

cavate  spores.  For  this  reason  further  discussion  of  the  taxonomic  position  of  these 
genera  is  postponed  until  their  findings  have  been  made  known. 

Cribrosporites  cribellatus  gen.  et  sp.  nov. 

Plate  61,  figs.  12,  13;  text.  fig.  4 

Holotype.  Specimen  illustrated  as  PI.  61,  fig.  13  from  the  Drybrook  Sandstone.  Size  54p,. 

Diagnosis.  Size  (13  specimens)  53-88^i,  mean  64ju,;  amb  subtriangular ; tecta  accompanied 
by  folds;  exine  punctuate  with  pits  Q-Sp.  in  diameter  and  short  sinuous  channels  up  to 
3ft  long;  margin  of  intexine  indistinct. 

Description.  Amb  rounded  triangular  with  broad  convex  sides  and  well-rounded  apices ; 
some  specimens  have  an  almost  circular  outline.  Exoexine  l-5ft  thick,  ornamented  with 
small  circular  pits  and  narrow  channels  (fragmenti-vermiculate  sculpture).  The  channels 
which  are  the  more  common  element  appear  to  form  by  the  lateral  coalescence  of 
adjacent  punctae:  channels  may  be  straight,  arcuate,  geniculate,  or  meandering.  They 
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vary  from  1-3/x  in  length  and  are  0-5;u  wide.  The  diameter  of  the  punctae  remain  constant 
at  0-5/u,.  Approximately  10-13  elements  lie  along  one  radius  of  the  spore.  Intexine  thin 
and  translucent,  margin  indistinct,  about  two-thirds  total  radius  of  the  spore.  Trilete 
rays  accompanied  by  conspicuous  folds  up  to  4-5/x  wide  and  4jjL  high  and  which  fre- 
quently extend  to  the  equator. 

Occurrence.  Drybrook  Sandstone. 


THE  SPORE  ASSEMBLAGE  FROM  THE  DRYBROOK  SANDSTONE 

The  following  forty-one  species  (eleven  new)  were  recorded  from  the  preparation  of 
the  shale  in  the  Drybrook  Sandstone: 

Leiotriletes  implumis  type  A Staplin  1960,  L.  iiiennis  (Waltz)  Ishchenko  1952,  L.  inflatus  (Schemel) 
Potonie  and  Kremp,  L.  tumidiis  Butterworth  and  Williams  1958,  L.  plicatus  sp.  nov.,  L.  pymmidatus 
sp.  nov. 

Pimctatisporites  platirugosus  (Waltz)  comb,  nov.,  P.  siibobesus  Lele  and  Walton  1962,  P.  ocellatus 
sp.  nov. 

Gramdatisporites  parvigranidatiis  Staplin  1 960 
Lophotriletes  tribidosus  sp.  nov. 

Waltzispora  planiangidata  sp.  nov.,  W.  prisca  (Kosanke)  comb.  nov. 

Anaplanisporites  denticidatus  sp.  nov. 

Apicidatisporis  globulus  Butterworth  and  Williams  1958 
Neoraistrickia  drybrookensis  sp.  nov. 

Camptotriletes  verrucosus  Butterworth  and  Williams  1958 

Convolutispora  florida  Hoffmeister,  Staplin  and  Malloy,  1955,  C.  mellita  Hoffmeister,  S.  and  M.  1955, 
C.  tessellata  Hoffmeister,  S.  and  M.  1955. 

Microreticulatisporites  densus  (Love)  comb,  nov.,  M.  microreticulatus  Knox  1950,  M.  parvirugosus 
Staplin  1960,  M.  punctatus  Knox  1950,  M.  reticulopunctatus  Hoffmeister,  S.  and  M.  1955. 
Dictyotriletes  spinifer  Staplin  1 960 

Corbulispora  subalveolaris  (Luber)  Sullivan  1964  (in  press) 

Densosporites  covens  is  Berry  1937 

Anulatisporites  anulatus  (Loose)  Potonie  and  Kremp  1954 
Lycospora  uber  (Hoffmeister,  S.  and  M.  1955)  Staplin  1960 

Knoxisporites  stephanephorus  Love  1960,  K.  triradiatus  Hoffmeister,  S.  and  M.  1955 
Vallatisporites  ciliaris  (Luber)  comb,  nov.,  V.  cf.  ciliaris  (Luber)  comb,  nov.,  V.  communis  sp.  nov., 
V.  galearis  sp.  nov. 

Auroraspora  solisortus  Hoffmeister,  S.  and  M.,  A.  balteola  sp.  nov. 

Schulzospora  ocellata  (Horst)  Potonie  and  Kremp  1956 
Cribrosporites  cribellatus  gen.  et  sp.  nov. 

Didymosporites  scotli  Chaloner  1958 

Lycospora,  mainly  as  L.  uber,  was  the  principal  component  and  constituted  65  per 
cent,  of  the  total.  Punctatisporites  platirugosus  (26  per  cent.)  was  the  next  most  common 
species.  The  percentages  of  Schulzospora  ocellata  and  Convolutispora  mellita  were  2 per 
cent,  and  3 per  cent,  respectively. 

The  Age  of  the  Drybrook  Sandstone 

The  Drybrook  Sandstone  assemblage  is  similar  in  composition  to  the  spore  floras 
described  by  Love  ( 1960)  from  the  Lower  Oil-shale  Group  of  Scotland.  Both  microfloras 
belong  to  the  Camptotriletes  verrucosus  zone  as  defined  by  Butterworth  and  Millott 
(1960)  and  are  of  lower  Upper  Visean  in  age.  The  occurrence  of  such  species  as  Rotaspora 
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sp.  and  Procoranaspora  fasciculata  in  the  Lower  Oil-shale  Group  indicates  that  it  may 
occupy  a slightly  higher  stratigraphical  position.  The  assemblages  recorded  by  Hotf- 
meister,  Staplin,  and  Malloy  (1955),  Butterworth  and  Williams  (1958),  and  Staplin 
(1960)  are  still  younger  in  age. 

Surprisingly,  the  preparations  of  the  Drybrook  Sandstone  of  Puddlebrook  described 
by  Lele  and  Walton  (1962)  possess  few  elements  in  common  with  the  assemblage  from 
Plump  Hill.  Punctatisporites  subobesus,  Anulatisporites  anulatus,  and  Lycospora  species 
seem  to  be  the  only  ones  to  occur  in  both.  The  spore  they  call  cf.  Cirratriradites  sp. 
could  possibly  be  Vallatisporites  cf.  cillaris. 

Lele  and  Walton  have  suggested  that  the  evidence  of  their  macroflora  and  of  the 
spore  assemblage  indicated  that  the  Drybrook  Sandstone  occupied  a horizon  low  in  the 
Mississippian  and  certainly  lower  than  the  stratigraphical  position  assigned  to  it  on  the 
basis  of  brachiopods.  However,  it  is  doubtful  whether  such  a conclusion  is  justified. 
The  macroflora  of  the  Drybrook  Sandstone  is  similar  to  that  of  the  Lower  Brown 
Limestone  of  North  Wales  (Lacey  1962)  and,  although  a precise  age  is  lacking,  they 
are  almost  certainly  of  Middle  to  Upper  Visean.  The  presence  in  their  assemblage  of 
ten  of  the  thirteen  genera  recorded  by  Knox  (1959)  from  the  base  of  the  Calciferous 
Sandstone  Series  does  not  prove  equivalence,  since  all  the  genera  are  long  ranging  and 
extend  throughout  much  of  the  Carboniferous.  The  apparent  simplicity  of  the  assemblage 
which  was  dominated  by  Punctatisporites  and  azonate  genera  would  appear  to  be  a 
function  of  ecology  rather  than  stratigraphy. 


THE  SPORE  ASSEMBLAGE  FROM  THE  EDGEHILLS  COAL 

The  following  forty-three  species  (seven  new)  were  recorded  from  the  Edgehills  coal: 

Leiotriletes  cf.  priddyi  (Berry)  Potonie  and  Kremp  1955 
Punctatisporites  piinctatiis  Ibrahim  1933,  P.  sinuatus  (Artuz)  Neves  1961 

Calamospora  breviradiata  Kosanke  1950,  C.  micronigosa  (Ibrahim)  Schopf,  Wilson,  and  Bentall  1944, 
C.  mutabilis  (Ibrahim)  Schopf,  W.  and  B.  1944,  C.  pallida  (Loose)  Schopf,  W.  and  B.  1944 
Gramdatisporites  gramdatus  Ibrahim  1933,  G.  cf.  microgranifer  Ibrahim  1933,  G.  parvus  (Ibrahim) 
Potonie  and  Kremp  1955 
Cyclogranisporites  cf.  minutus  Bhardwaj  1957 

Lophotriletes  commissuralis  (Kosanke)  Potonie  and  Kremp  1955,  L.  microsaetosus  (Loose)  Potonie 
and  Kremp  1955,  L.  labiatus  sp.  nov. 

Auapiculatisporites  minor  Butterworth  and  Williams  1958 
Apicidatisporis  variocorneus  sp.  nov. 

Raistrickia  digitosa  Artuz  1957,  R.fulva  Artuz  1957,  R.  spp. 

Convolutispora  florida  Hoffmeister,  S.  and  M.  1955 

Microreticulatisporites  microreticulatus  Knox  1950,  M.  microtuberosiis  (Loose)  Potonie  and  Kremp 
1955,  M.  reticidopunctatus  Hoffmeister,  S.  and  M.  1955 
Dictyotriletes  densoreticulatus  Potonie  and  Kremp  1955,  D.  cf.  clatriformis  (Artuz)  comb,  nov.,  D. 
sagenoformis  sp.  nov. 

Reticulatisporites  polygonalis  (Ibrahim)  Neves  1964  (in  press) 

Knoxisporites  stephanephorus  Love  1960 
Triquitrites  tricoronatus  sp.  nov. 

Simozonotriletes  sibtyana  sp.  nov. 

Densosporites  covensis  Berry  1937 

Anulatisporites  anulatus  (Loose)  Potonie  and  Kremp  1954 
Cristatisporites  splendidus  Artuz  1957 
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Lycospora  piisilla  (Ibrahim)  Schopf,  W.  and  B.  1944 
Bellispores  belliis  Artuz  1957 

Cmssispora  kosankei  (Potonie  and  Kremp)  Bhardwaj  1957 

Savitrisporites  mix  (Butterworth  and  Williams)  comb,  nov.,  S.  asperatus  sp.  nov. 

Cirratriradites  saturni  (Ibrahim)  Schopf,  W.  and  B.  1944 
Reinschospova  triangularis  Kosanke  1950 

Laevigatosporites  desmoinesensis  (Wilson  and  Coe)  Schopf,  W.  and  B 1944,  L.  maximiis  (Loose) 
Potonie  and  Kremp  1956 
Florinites  spp. 

Fabasporites  pallidus  gen.  et  sp.  nov. 

The  assemblage  was  dominated  by  Lycospora  pusilla  (65  per  cent.),  with  Fabasporites 
pallidus  (12  per  cent.)  next  in  order  of  abundance.  Other  common  constituents,  with  their 
approximate  percentages  were  as  follows:  Raistrickia  spp.  (4  per  cent.),  Crassispora 
kosankei  (3  per  cent.),  Savitrisporites  mix  (2  per  cent.),  Calamospora  mutabilis  (2  per 
cent.),  and  Apieulati sports  variocorneus  (T5  per  cent.). 

Age  of  the  Edgehills  coal 

One  of  the  most  important  stratigraphical  indices  present  was  Cirratriradites  saturni. 
This  species  has  not  so  far  been  recorded  below  the  base  of  Westphalian  A.  Dybova  and 
Jachowicz  (1957)  in  their  study  of  coal  seams  from  Lower  Namurian  A to  Westphalian 
D in  Silesia  place  its  appearance  at  the  Westphalian/Namurian  boundary.  Kosanke 
(1950)  also  shows  it  at  a similar  horizon  in  the  Illinois  succession. 

The  assemblage  of  Florinites  which  included  F.  antiquus  is  indicative  of  a Westphalian 
age.  This  species  is  most  common  in  Westphalian  A and  the  lower  part  of  Westphalian 
B;  at  higher  horizons  it  is  replaced  by  F.  mediapudens  (Loose)  and  F.  junior  Potonie  and 
Kremp.  The  species  of  Florinites  most  frequently  encountered  in  the  Namurian  (Neves 
1961,  p.  173)  are  F.  elegans  Wilson  and  Kosanke,  F.  similis  Kosanke,  F.  pumicosus 
(Ibrahim),  and  F.  visendus  (Ibrahim). 

Raistrickia  digitosa  and  R.fulva  were  first  described  from  coals  of  Westphalian  A age. 
They  have  since  been  recorded  from  the  Westphalian  A of  South  Wales  and  from  the 
Namurian  C and  Westphalian  A of  the  Stainmoor  coalfield  (Owens  and  Burgess,  in 
press).  The  variable  assemblage  of  other  Raistrickia  species,  too,  is  characteristic  of 
Westphalian  A.  Although  such  forms  as  R.  saetosa  and  R.fibrata  are  present  at  higher 
and  lower  horizons,  they  are  particularly  common  at  this  level. 

The  species  Apiculatisporis  variocorneus  may  serve  as  a useful  marker  for  Westphahan 
A and  Namurian  C strata.  Forms  similar  to  it  are  known  from  the  Namurian  C of  the 
southern  Pennines  (Neves  1961),  the  Westphalian  A of  Turkey  (Artuz  1957,  1959),  and 
from  the  Westphalian  A of  Nottinghamshire  (A.  V.  H.  Smith,  pers.  comm.).  Smith  has 
also  observed  Fabasporites  pallidus  in  the  Westphalian  A and  B of  several  British  coal- 
fields. The  large  monolete  spore,  Laevigatosporites  maximiis,  has  only  been  recorded 
from  Westphalian  B (Potonie  and  Kremp  1956,  p.  138). 

Crassispora  kosankei  is  confined  to  rocks  younger  than  the  base  of  Namurian  B in 
the  southern  Pennines  (Neves  1961,  p.  277).  Dybova  and  Jachowicz  (1957,  pp.  87-89) 
also  indicate  a range  above  Namurian  B for  their  forms  Apiculatisporites  apicnlatus  f. 
media  and  A.  apicnlatus  f.  minor  which  are  nonspecific  with  C.  kosankei.  A recent  record 
(R.  Neves,  pers.  comm.)  suggests  that  in  some  regions  the  species  extends  down  into 
the  uppermost  part  of  Namurian  A. 

c c 
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The  ranges  of  the  species  discussed  above,  together  with  other  species  which  have  a 
restricted  occurrence,  are  summarized  in  Table  1.  An  inspection  of  this  chart  reveals 


Spore  species 

Namurian 

Westpf 

A 

B 

C 

A 

B 

L.  commissiiralis 

X 

X 

L.  microsaetosus 

X 

X 

X 

A.  minor 

X 

X 

X 

X 

A.  variocorneiis 

X 

X 

P.  papillosus 

X 

7 

R.  digitosa 

X 

X 

R.  fiilva 

X 

X 

M.  microtuberosus 

X 

X 

D.  densoreticidatus 

X 

X 

C.  splendidus 

X 

B.  belliis 

X 

C.  kosankei 

X 

X 

X 

X 

C.  satnrni 

X 

X 

R.  triangularis 

X 

X 

L.  maxinuis 

X 

F.  pallida 

X 

X 

F.  antiquiis 

X 

X 

TABLE  1.  Table  to  show  the  known  stratigraphical  distribution  of  selected 
species  from  the  Edgehills  coal. 


that  the  most  likely  age  for  the  Edgehills  coal  is  Westphalian  A.  The  absence  in  the 
assemblage  of  Cinathradites  aligerens,  C.  difformis,  Dictyotriletes  bireticidatus  and  the 
rarity  of  Laevigatosporites  desmoinesemis  indicate  that  the  lower  part  of  the  stage  is 
represented.  In  terms  of  the  non-marine  lamellibranch  scheme  of  classification,  the 
proposed  horizon  would  be  lower  to  middle  Lenisulcata  Zone. 

The  Westphalian  A age  assigned  to  the  Edgehills  coal  is  borne  out  by  the  close 
similarity  displayed  by  the  assemblage  to  those  of  the  Sulu  and  Bu3mk  seams  of  the 
Westphafian  A of  Turkey  described  by  Artuz  (1957,  1959).  Another  Westphalian  A 
assemblage  with  a comparable  composition  has  been  recorded  by  Jachowicz  and 
Zoldani  (1960)  from  the  Zebrak  borehole,  near  Siedlce  in  Poland. 


STRATIGRAPHICAL  AND  STRUCTURAL  CONSIDERATIONS 

Sibly  (1912)  was  the  first  to  demonstrate  the  unconformity  below  the  base  of  the 
Trenchard  Group  although  its  existence  had  earlier  been  suspected  by  Kidston  (1894) 
and  Arber  (1912)  on  palaeontological  grounds:  Groom  (1910,  p.  731)  also  thought  it 
necessary  for  one  to  be  present  to  explain  satisfactorily  the  relationship  between  the 
Forest  of  Dean  basin  and  the  Newent  coalfield. 

The  youngest  rocks  previously  identified  beneath  the  unconformity  were  referred  to 
the  Drybrook  Sandstone  and  hence  were  of  Seminula  Zone  age.  The  lowest  horizon 
above  the  unconformity  from  which  fossils  have  been  obtained  is  that  represented  by 
the  roof  shales  of  the  Coleford  High  Delf  seam.  The  non-marine  lamellibranchs  indicate 
the  presence  of  the  Tenuis  Zone  (Trotter  1942,  p.  35;  Welch  and  Trotter  1961,  p.  90). 
The  plant  remains  are  characteristic  of  a Westphalian  D fiora  (Trotter  1942,  p.  35; 
Moore  in  Trueman  1954,  p.  139;  Welch  and  Trotter  1961,  p.  90)  and  so  substantiate  the 


TEXT-FIG.  5.  Diagram  to  illustrate  the  stratigraphical  and  structural  relationships  within  the  Carboni- 
ferous rocks  of  the  eastern  portion  of  the  South  Wales  coalfield  and  of  the  Forest  of  Dean.  The  line 
of  section  is  approximately  east-west  (for  localities  see  text-fig.  6),  but  the  effect  of  the  Twmbarlwm 
fold  which  is  not  directly  on  the  line  of  section  is  also  shown.  The  standard  palaeontological  sub- 
divisions of  the  British  Carboniferous  are  given  in  the  right-hand  column.  No  attempt  has  been  made 
to  differentiate  between  the  duration  of  each  zone,  nor  have  variations  in  thicknesses  of  sediments  been 
depicted.  The  upper  and  lower  boundaries  of  the  Upper  Carboniferous  unconformities  in  South 
Wales  have  been  somewhat  idealized,  but  show  the  progressive  increase  in  magnitude  in  an  easterly 
direction.  Sources  of  data  not  mentioned  in  the  text  are;  pebbly  grit  of  possible  Seminula  or  Dibuno- 
phyllum  Zones  age  (Jones  and  Owen  1961,  Proc.  Geol.  Assoc.);  relationship  of  the  Lower  Carboni- 
ferous rocks  of  South  Wales  (George  1954,  Quart.  J.  Geol.  Soc.  Loud.).  An  unconformity  below  the 
Coleford  High  Delf  in  the  Forest  of  Dean  is  postulated  by  analogy  with  South  Wales. 

(Moore  1948,  p.  291)  which  underlie  the  Tillery  vein  and  is  therefore  of  Phillipsii  Zone 
age  (Sullivan  and  Moore  1956). 

The  unconformity  at  the  base  of  the  Trenchard  Group  on  the  basis  of  the  above  evi- 
dence would  span  the  considerable  time  interval  between  the  Upper  Visean  and  the 
Upper  Westphalian  C.  During  this  interval,  the  neighbouring  areas  of  South  Wales  were 
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affected  by  two  major  phases  of  earth  movements.  The  first,  the  Sudetic  phase,  was 
responsible  for  the  unconformity  between  the  Namurian  and  the  Dinantian;  the  second, 
which  is  an  intra-Westphalian  period  of  movement  has  been  termed  ‘Malvernian’  by 
Trueman  (1947,  p.  xcix),  and  reaches  its  acme  in  Phillipsii  time  and  produces  the 
spectacular  Pennant  Sandstone  overstep  along  the  south-east  margin  of  the  coalfield 
(Moore  1948).  The  magnitude  of  both  unconformities  increases  in  an  easterly  direction 
(text-fig.  5). 

Since  no  rocks  of  an  age  between  these  two  phases  of  movement  have  been  recognized 
in  the  Forest  of  Dean,  the  role  played  by  each  of  these  uplifts  in  the  production  of  the 
unconformity  below  the  Trenchard  Group  has  been  a matter  of  speculation.  Thus, 
Trotter  (1942,  p.  5)  believed  that  the  unconformity  was  the  result  of  folding  by  Sudetic 
movements  followed  by  progressive  eastward  overlap  by  the  Upper  Carboniferous 
strata,  and  this  view  is  included  with  minor  modifications  in  the  recent  Chepstow  and 
Monmouth  memoir  (Welch  and  Trotter  1961). 

Trueman  (1947)  recognized  the  possibility  that  Upper  Carboniferous  rocks  older 
than  the  Trenchard  Group  may  have  been  deposited  in  the  basin  and  subsequently 
removed  by  denudation.  He  remarked  (p.  Ixxi)  ‘The  unconformity  in  the  Forest  of 
Dean  . . . may  reflect  the  early  Morganian  [Malvernian],  as  much  as  the  Sudetic, 
movements’  (the  present  author’s  addition  in  brackets). 

Moore  (1948,  pp.  290-1)  on  the  basis  of  his  revised  structural  interpretation  of  the 
south-east  margin  of  the  South  Wales  coalfield  was  able  to  demonstrate  the  close 
similarity  in  facies  development  and  tectonic  style  between  this  region  and  the  Forest 
of  Dean.  He  believed  that  the  Malvernian  movements  had  produced  the  unconformity 
at  the  base  of  the  Trenchard  Group. 

George  (1955)  in  his  analysis  of  the  influence  of  the  Usk  anticline  on  Carboniferous 
sedimentation  has  attempted  to  differentiate  the  effects  produced  by  the  Sudetic  and 
Malvernian  movements.  He  maintains  (p.  298)  that  ‘The  sub-Namurian  structure  [of 
the  Usk  axis]  was  a true  arch’  on  the  evidence  of  the  almost  complete  removal  of 
Dinantian  strata  from  the  eastern  flanks  of  the  South  Wales  coalfield  by  the  overstepping 
base  of  the  Namurian,  only  to  reappear  in  a fairly  complete  development  in  the  Forest 
of  Dean  on  the  eastern  side  of  the  Usk  fold.  George  (pp.  298-9)  believes  that  there  was 
no  need  to  postulate  active  movements  along  the  Usk  line  in  Westphalian  times  in 
order  to  produce  the  structural  relationships  observed  in  the  eastern  portion  of  South 
Wales  and  the  Forest  of  Dean.  These  relationships  could  be  accounted  for  by  either 
one  of  the  two  theories  discussed  above,  i.e.  eastward  overlap  of  Namurian  and  Amman- 
ian  strata  (Trotter  1942)  or  Malvernian  overstep  (Moore  1948). 

As  Trotter  (1942,  p.  6)  has  pointed  out,  a necessary  consequence  of  the  theory  of 
easterly  overlap  from  South  Wales  of  the  Upper  Carboniferous  over  denuded  folds  of 
Carboniferous  Limestone  is  that  there  would  be  little  chance  of  discovering  at  depth 
in  the  Main  Basin  of  the  Forest  of  Dean  any  Upper  Carboniferous  strata  which  were 
older  than  those  present  at  the  western  outcrop.  The  age  of  the  latter,  i.e.  the  Trenchard 
Group,  is  at  least  high  Phillipsii  Zone  age,  and,  therefore,  no  representatives  of  the 
Namurian,  or  Lower  and  Middle  Coal  Measures  would  be  expected. 

Moore  (1948,  p.  291)  in  discussing  the  significance  of  the  sandstone  pipes  of  Millstone 
Grit  age  described  from  Ifton,  near  Chepstow,  by  Dixon  (1921),  noted  that  they  occurred 
almost  on  the  same  line  of  longitude  as  the  western  outcrop  of  the  Carboniferous 
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Limestone  of  the  Forest  of  Dean  basin  (text-fig.  6).  Since  there  was  no  unconformity 
between  the  Millstone  Grit  and  Lower  Coal  Measures  in  South  Wales,  Moore  thought 
it  was  possible  that  the  Lower  Coal  Measures  could  have  been  partly  developed  over  the 
area  to  the  east  of  the  South  Wales  coalfield.  He  argued  (1948,  p.  291)  ‘it  may  follow, 
that  given  sufficient  depth,  some  Millstone  Grit  or  Lower  Coal  Series  may  still  be 
preserved  in  the  Forest  of  Dean  basin’. 

The  sandstones  and  occasional  shales  preserved  in  the  limestone  fissures  at  Ifton  were 
assigned  by  Dixon  (1921)  to  the  Basal  Grit  of  the  Millstone  Grit  of  South  Wales  on 
lithological  grounds.  The  only  palaeontological  evidence  was  a sandstone  cast  of 
Lepidophloios  which  indicated  nothing  more  than  a Carboniferous  age.  The  present 
discovery  of  a sandstone  of  Westphalian  A age  in  the  Forest  of  Dean  resurrects  a 
possibility  considered  but  later  rejected  by  Dixon  that  the  Ifton  sandstones  were  of 
Coal  Measures  age. 

The  Cornbrook  Sandstone  of  Titterstone  Clee  was  once  equated  with  the  Drybrook 
Sandstone  (Vaughan  1905)  and  believed  to  be  of  Visean  age  (Dixon  1917,  Kidston 
1917).  George  (1955)  demonstrated  that  the  Cornbrook  Sandstone  was  unconformable 
on  the  Carboniferous  Limestone  and  on  the  basis  of  this  stratigraphical  relationship, 
which  was  analogous  with  that  in  South  Wales,  he  believed  that  the  sandstones  were 
of  Namurian  age.  However,  Jones  and  Owen  (1961)  discovered  a Westphalian  B macro- 
fiora  in  shales  250  feet  below  the  top  of  the  Cornbrook  Sandstone.  The  estimates  for 
the  thickness  of  the  Cornbrook  Sandstone  vary  between  700  feet  (Jones  and  Owen  1961) 
and  1,000  feet  (Dixon  1917).  There  is  no  palaeontological  evidence  for  the  age  of  the 
basal  portions  of  the  formation  and  it  is  possible  that  strata  equivalent  to  the  Edgehills 
Sandstone  may  be  present. 

The  revised  interpretation  of  the  succession  in  the  Forest  of  Dean  enables  a greater 
degree  of  correlation  to  be  made  with  the  eastern  part  of  the  South  Wales  coalfield 
than  has  hitherto  been  possible  (Moore  1948;  Moore  and  Blundell  1952).  The  Edgehills 
Sandstone  is  of  a similar  age  to  the  Farewell  Rock  of  South  Wales.  It  is  now  believed 
that  the  Farewell  Rock  was  the  first  Upper  Carboniferous  deposit  to  extend  across  the 
Usk  anticline  and  to  reunite  the  South  Wales  and  Forest  of  Dean  depositional  areas: 
these  had  been  isolated  during  much  of  Namurian  times  by  positive  movements  along 
the  axis  of  the  fold  (George  1955,  1956).  The  succeeding  Coal  Measures  probably  also 
covered  the  dormant  Usk  anticline  because,  as  Moore  (1948,  p.  292)  has  pointed  out  ‘A 
thickness  of  500-600  feet  of  Ammanian  sediments  near  the  South  East  Crop  does  not 
suggest  a nearby  limit  to  the  coalfield  during  this  period’.  Leitch,  Owen  and  Jones  (1958, 
p.  482)  as  a result  of  their  analysis  of  the  isopachytes  of  the  Lower  Coal  Measures 
remarked  that  the  evidence  indicates  ‘that  these  eastern  regions  formed  an  area  of 
stability  with  appreciable  subsidence  occurring  to  the  west  and  south-west’.  However, 
although  they  believed  that  the  Usk  axis  was  inactive  during  this  time,  they  were  of 
the  opinion  that  the  basal  Coal  Measures  were  never  deposited  over  the  Usk  or  Forest 
of  Dean  areas. 

The  relationship  between  the  Edgehills  Sandstone  and  the  Drybrook  Sandstone  is 
a reflection  of  the  effects  of  the  Sudetic  movements.  In  the  exposures  on  Plump  Hill 
there  is  no  marked  discordance  in  the  dip  of  the  strata  and  this  observation  is  in  accord 
with  the  characteristics  of  the  unconformity  between  the  Dinantian  and  Namurian  in 
South  Wales. 
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Renewed  uplift  along  the  line  of  the  axis  of  the  Usk  anticline  reached  a climax  in 
Phillipsii  Zone  times.  These  were  the  Malvernian  movements  which  increased  in 
intensity  towards  the  east  (text-fig.  5)  and  resulted  in  an  easterly  overlap  of  Pennant 
Sandstone  strata  over  an  eroded  base  of  Lower  and  Middle  Coal  Measures.  There  is 
a pronounced  angular  unconformity  in  the  south-eastern  part  of  the  coalfield  associated 
with  the  Twmbarlwm  fold.  West  of  the  Sirhowy  valley,  the  Pennant  Sandstone  follows 
the  Middle  Coal  Measures  without  any  apparent  break  in  sedimentation  (Moore  1945, 
Blundell  1952).  Recently,  Woodland,  Evans,  and  Stephens  (1957)  have  described  an 
important  unconformity  between  the  Tillery  and  Mynyddislwyn  coals  which  again 
develops  in  an  easterly  direction,  and  in  parts  of  Monmouthshire  it  is  claimed  that 
over  1,000  feet  of  measures  are  missing. 

The  contact  between  the  Trenchard  Group  and  the  Edgehills  Sandstone  is  nowhere 
exposed  in  the  Eorest  of  Dean.  However,  the  overstep  of  the  basal  beds  of  the  Trenchard 
Group  over  the  various  divisions  of  the  Lower  Carboniferous  can  be  demonstrated 
on  the  northern  and  south-eastern  margins  of  the  basin.  Since  the  Edgehills  Sandstone 
rests  without  apparent  discordance  on  the  Drybrook  Sandstone  it  may  be  assumed  that 
the  relationship  between  it  and  the  Trenchard  Group  is  also  one  of  angular  uncon- 
formity. It  is  presumed  that  uplift  along  the  Malvern  axis  took  place  at  the  same  time 
as  the  rejuvenation  of  the  Usk  anticline  and  that  the  unconformity  at  the  base  of  the 
Pennant  Sandstone  and  the  one  at  the  base  of  the  Trenchard  Group  can  be  attributed 
to  the  same  phases  of  movements,  i.e.  Malvernian. 

In  a recent  account  of  the  structural  history  of  the  Malverns,  Butcher  (1962)  discounts 
the  influence  of  the  Intra-Westphalian  movements  and  believes  that  the  main  folding 
occurred  during  the  Hercynian  orogeny.  However,  it  is  necessary  to  postulate  major 
elevations  in  pre-Tenuis  times  to  account  for  the  structural  relationships  within  the 
Eorest  of  Dean  basin. 
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UPPER  CRETACEOUS  OSTRACODS 
FROM  CALIFORNIA 

by  JOHN  C.  HOLDEN 


Abstract.  A limited  exposure  of  Upper  Cretaceous  marine  siltstones  and  claystones  near  the  coastal  town  of 
Carlsbad,  California,  contains  a remarkably  well-preserved  microfauna. 

Twenty-six  species  of  ostracods  including  twenty- three  new  species  and  one  new  trachyleberid  genus  occur 
in  the  upper  part  of  the  section.  This  faunule  possesses  distinct  Cenozoic  affinities  expressed  by  the  presence 
of  the  genera  Trachyleheris,  Actinocythereis,  and  Idiocylhere,  all  of  which  have  previously  been  reported  from 
rocks  not  older  than  Lower  Tertiary.  Generic  affinities  with  European  forms  are  also  Indicated  by  new  species 
of  Idiocylhere,  previously  recorded  only  from  the  Eocene  of  Germany  and  Isocythereis,  previously  known 
only  from  the  Cretaceous  of  Germany.  Three  species  which  also  occur  in  Upper  Cretaceous  rocks  of  the 
U.S.  Gulf  Coast  are  present:  Brachycythere  darensis  Swain  1952,  Krithe  cushmani  Alexander  1929,  and  Cytherop- 
teron  coryelli  Schmidt  1948. 


An  extremely  well-preserved  Upper  Cretaceous  ostracod  faunule  occurs  in  the  Rosario 
Formation  as  exposed  about  three  miles  east  of  Carlsbad,  California.  Ostracods, 
usually  CythereUa,  are  sparse  in  most  of  the  Rosario  Formation  but  at  Carlsbad  are 
abundant  with  a wide  diversity  of  species.  A study  of  the  foraminifera  from  this  area 
was  published  by  Bandy  (1951),  in  which  the  fauna  was  correlated  with  Cretaceous 
faunas  of  the  American  Gulf  Coast  and  with  those  of  the  Campanian  stage  of  Europe. 

The  exposures  near  Carlsbad  are  only  a small  part  of  widespread  coastal  deposits 
of  late  Cretaceous  age  extending  from  below  the  type  area  near  El  Rosario,  Baja 
California,  230  miles  south  of  Carlsbad,  to  the  Simi  Hills,  113  miles  north  of  Carlsbad. 
These  rocks  range  through  the  Campanian  and  Maestrichtian  stages,  as  used  by  Matsu- 
moto  (1959,  p.  130;  1960,  p.  69).  At  Point  Loma  about  1,800  feet  of  strata  are  exposed 
containing,  in  addition  to  ammonoids,  a faunule  having  similarities  to  that  of  the  upper 
part  of  the  Rosario  Eormation  at  El  Rosario  and  that  of  the  upper  parts  of  the  Cretaceous 
sequence  in  the  Santa  Ana  Mountains  (Milow,  pers.  comm.).  Matsumoto  (1960,  p.  69), 
on  the  basis  of  the  included  ammonoids,  assigned  an  Upper  Campanian  to  possible 
Lower  Maestrichtian  age  to  the  Cretaceous  sequence  in  the  Simi  Hills.  There,  as  at  Point 
Loma,  faunistic  similarities  to  the  more  southern  exposures  of  the  Rosario  Formation 
are  noted. 

About  200  feet  of  unmetamorphosed  sediments  of  Upper  Cretaceous  age  overlying 
granitic  rocks  and  dipping  3°  north-west  are  exposed  near  Carlsbad.  Near  the  base  of  the 
exposure  directly  overlying  the  granites,  the  Rosario  Formation  is  composed  of  sandy 
siltstones  and  sandy  claystones.  Near  the  top,  the  lithology  becomes  progressively 
more  clayey. 

Lithologic  character  is  an  important  factor  in  the  preservation  of  the  microfossils. 
The  fauna  with  which  this  work  is  concerned  was  collected  from  the  finer  sediments 
near  the  top  of  the  section,  near  the  contact  of  the  Rosario  Eormation  with  the  overlying 
Lower  Tertiary  sedimentary  rocks  (text-fig.  2).  Erom  the  middle  to  the  base  of  the 
section,  only  a few  leached  foraminifera  are  evident. 

[Palaeontology,  Vol.  7,  Part  3,  1964,  pp.  393-429.] 
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TEXT-FIG.  1 . Distribution  of  the  exposed  Rosario  Formation  near  Carlsbad,  California. 
The  coordinates  of  the  fossil  localities  are  117°  20'  W.  and  33°  07'  08"  N. 


TEXT-FIG.  2.  Map  showing  locations  of  the  two  ostracod  fossil  localities.  Edges 
of  exposed  Rosario  Formation  lined. 
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Ostracods  were  collected  from  two  areas.  The  easternmost,  a large  clay  pit  about 
100  feet  square  and  10  to  15  feet  deep,  is  the  most  fossiliferous.  Within  the  clay  pit,  a 
sequence  8 feet  thick  consisting  of  beds  of  brown  silty  claystone  1 to  3 feet  thick,  was 
sampled.  A detailed  stratigraphic  analysis  of  the  faunules  represented  in  the  individual 
beds  of  this  exposure  reveals  no  significant  differences  except  in  the  abundance  of  fossils. 
The  westernmost  area  is  a deeply  incised  dry  stream  gully  in  which  the  rock  types  are 
the  same  as  those  of  the  clay  pit.  Several  concretionary  beds  form  ledges  beneath  which 
are  found  relatively  unweathered  and  richly  fossiliferous  silty  claystones.  Because  of 
their  proximity,  faunal  similarities,  and  stratigraphic  equivalence,  these  two  areas  are 
not  dealt  with  independently. 

Physiographically  it  appears  that  the  sediments  might  have  been  deposited  in  a small 
coastal  basin.  Bordering  on  the  east  and  north-east  are  topographically  higher  exposures 
of  the  Alpine  (Green  Valley)  tonalite.  A linear  high  of  Lower  Cretaceous  metasediments 
(the  Alisitos  Formation)  occurs  to  the  north-west  and  south-west. 


PALAEOECOLOGY 

Tenuous  palaeoecologic  interpretations  for  the  Cretaceous  of  the  Carlsbad  area  were 
advanced  by  Bandy  (1951,  p.  490),  based  on  the  high  relative  abundances  of  rotaloid 
and  planktonic  foraminifera.  With  reservations,  he  suggested  that  the  site  of  deposition 
may  have  been  in  the  upper  neritic  zone. 

The  paucity  of  information  concerning  the  ecologic  requirements  of  living  ostracods 
severely  limits  the  evaluation  of  fossil  assemblages,  especially  of  those  as  ancient  as  the 
Rosario  Formation.  The  meagre  data  that  has  been  published  in  this  realm  involves 
mostly  shallow  water  lagoonal  and  estuarine  environments  (e.g.  Elofson  1941,  Benson 
1959,  and  Swain  1955),  with  the  exception  of  the  work  by  Curtis  (1960)  on  ostracod  bio- 
facies in  the  Mississippi  delta  area,  where  faunas  occurring  to  depths  of  100  fathoms  were 
studied. 

Curtis  recognized  the  following  genera  among  others  as  characteristic  of  the  ‘open 
shelf,  middle  to  outer  neritic’  zone:  Cytherello,  Cytherelloidea,  Paracypris,  Argilloecia, 
Xestoleberis,  Krithe,  Cytheropteron,  and  Trachyleberis.  This  group  is  well  represented 
in  the  Rosario  Formation  with  individuals  of  the  following  species  composing  about 
70  per  cent,  of  the  entire  assemblages : Cytherella  terminopimctata  sp.  nov.,  Cytherelloidea 
milowi  sp.  nov.,  Trachyleberis  acuminata  sp.  nov.,  Actinocythereis  allisoni  sp.  nov. 
(considered  here  to  be  closely  related  to  Trachyleberis),  and  Xestoleberis  mimita  sp.  nov. 
Representatives  of  the  other  genera,  though  not  abundant,  are  present. 

This  general  similarity  of  Rosario  and  extant  Gulf  of  Mexico  faunas  suggests 
that  the  ostracod-bearing  rocks  of  the  Carlsbad  area  were  deposited  in  a middle  or 
outer  neritic  environment.  This  environment  in  the  Gulf  of  Mexico  (Curtis  1960,  p.  473) 
occurs  at  depths  exceeding  15  fathoms,  where  the  sediments  are  generally  clays,  rates 
of  deposition  are  low,  chlorinity  is  normal  marine  (19-20%o),  and  monthly  temperature 
averages  vary  from  22°  C.  (at  30  fathoms)  to  20°  C.  (at  50  fathoms).  In  relation  to 
shallower  areas,  ostracod  abundances  are  greater  and  the  faunas  contain  more  species. 

Three  genera,  previously  unreported  from  Cretaceous  rocks,  are  present.  These  are: 
Trachyleberis,  Actinocythereis,  and  Idiocythere.  Species  of  Idiocythere  have  previously 
been  recorded  only  from  the  Eocene  of  Europe.  Trachyleberis  and  Actinocythereis  are 
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known  elsewhere  to  range  from  the  Paleocene  to  Recent  and  Eocene  to  Recent  respec- 
tively (Moore  1961,  p.  Q334). 
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The  primary  types  are  deposited  at  San  Diego  State  College,  San  Diego,  California,  and  are  desig- 
nated here  by  the  prefix  SDSC.  Some  secondary  types  are  deposited  at  the  U.S.  National  Museum, 
Washington,  D.C.,  designated  here  by  the  prefix  USNM. 

SYSTEMATIC  DESCRIPTIONS 

Subclass  OSTRACODA  Latreille  1806 
Order  podocopida  G.  W.  Muller  1894 
Suborder  platycopina  Sars  1866 
Family  cytherellidae  Sars  1866 
Genus  cytherella  Jones  1849 

Cytherella  terininopunctata  sp.  nov. 

Text-fig.  ha-d 

Diagnosis.  Cytherella,  terminally  punctate  with  flattened  or  inwardly  depressed  postero- 
ventral  margin  in  left  valve,  and  ovate  profile. 

Description.  Carapace  massive;  in  profile  highest  just  posterior  to  mid-length;  right 
valve  larger,  completely  overlapping  left  valve;  right  valve  margins  slightly  convex 
giving  carapace  ovate  shape ; ventral  and  dorsal  margins  of  left  valve  straight  and  almost 
parallel;  postero-ventral  margin  of  left  valve  flattened  or  depressed  inwards.  Di- 
morphism expressed  in  dorsal  view  by  lenticular,  shorter  males,  and  anteriorly 
acuminate,  posteriorly  inflated  females.  Ornamentation,  distinct  when  stained,  of  small 
pits  on  posterior  and  anterior  parts  of  both  valves. 

Muscle  scar  pattern  typical  of  genus  but  with  prominent  antero-dorsal  doughnut- 
shaped mandibular(  ?)  scar. 


Dimensions  (in  mm.). 

Length 

Height 

Width 

Paratype,  SDSC  1 (right  valve  c?)  . 

. 0-64 

0-36 

0-15 

Holotype,  SDSC  2 (entire  $)  ... 

. 0-65 

0-40 

0-27 

Paratvpe,  SDSC  3 (left  valve  $)  . . . 

0-65 

0-32 

012 

Paratype,  USNM  131791  (entire  ?) 

. 0-69 

0-39 

0-29 

Discussion.  C.  terminopiinctata  is  comparable  with  C.  fredericksbiirgensis  Alexander 
1932  from  the  Albian  of  Texas  but  differs  in  having  a pitted  carapace  and  more  evenly 
rounded  dorsal  margin.  From  a dorsal  view  this  species  closely  resembles  C.  ovoidea 
Alexander  1929,  although  in  lateral  view  the  Rosario  species  is  much  more  elongate. 
Next  to  C.  milowi  sp.  nov.,  this  species  is  most  abundant  at  the  Carlsbad  locality. 
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TEXT-FIG.  3.  Cytherella  terminopimctata  sp.  nov.  a,  Paratype,  SDSC  I,  dorsal  view  of 
male  right  valve,  b,  Paratype,  USNM  131791,  dorsal  view  of  entire  female  carapace. 
c,  Holotype,  SDSC  2,  external  view  of  female  left  valve  showing  overreach  of  right 
valve,  d,  Paratype,  SDSC  3,  internal  view  of  female  left  valve. 


Cytherella  elliotti  sp.  nov. 
Text-fig.  Aa-c 


Diagnosis.  Elongate,  smooth  Cytherella,  with  straight  and  parallel  dorsal  and  ventral 
margins,  obliquely  sloping  postero-dorsal  margin,  and  nearly  equal  valves. 


TEXT-FIG.  4.  Cytherella  elliotti  sp.  nov.  a,  Paratype,  USNM  131792,  dorsal 
view  of  entire  male  carapace,  b,  c,  Holotype,  SDSC  4;  b,  dorsal  view  of 
entire  female  carapace;  c,  lateral  view  of  left  valve  showing  overlap  of 

right  valve. 

Description  (based  on  two  well-preserved  entire  carapaces,  one  male,  one  female). 
Carapace  elongate  in  profile  with  length  almost  twice  height ; dorsal  and  ventral  margins 
parallel,  straight.  Anterior  margin  of  both  sexes  semicircular  in  outline;  posterior 
margin  evenly  rounded  ventrally,  sloping  about  30°  antero-dorsally,  giving  carapace 
posterior  sag.  In  dorsal  view : male  carapace  lenticular,  more  pointed  toward  anterior ; 
female  carapace  gently  wedge-shaped  toward  anterior,  thickest  in  rear.  Valves  nearly 
equal,  thin,  right  valve  narrowly  overlapping  left  valve  around  entire  margin ; carapace 
smooth. 
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Dimensions  (in  mm.).  Length  Height  Width 

Holotype,  SDSC  4 (entire  $) 0-59  0-32  0-21 

USNM  131792  (entire  (^)  ....  0-64  0-33  0-26 

Discussion.  This  species  is  very  similar  to  C.  ubaghsi  van  Veen  1932,  from  the  Maestrichtian 
of  South  Limburg,  but  the  male  of  C.  ubaghsi  in  dorsal  view  is  more  lenticular  and  less 
wedge-shaped,  the  inflations  of  the  female  do  not  extend  beyond  the  posterior  margin, 
and  in  lateral  view  the  postero-dorsal  slope  is  more  pronounced  than  in  C.  elliotti  sp.  nov. 

Genus  cytherelloidea  Alexander  1929 
CythereUoidea  milowi  sp.  nov. 

Text-fig.  5a-f 

Diagnosis.  A Cytherelloidea  characterized  by  pronounced  marginal  ridge,  best  developed 
anteriorly,  subtle  surface  undulations,  and  large  flange-like  tooth  in  left  valve  with 
corresponding  ‘socket’  in  right  valve. 


TEXT-FIG.  5.  Cytherelloidea  milowi  sp.  nov.  a,  Holotype,  SDSC  5,  dorsal  view  of  entire  female  carapace. 
h,  Paratype,  SDSC  6,  dorsal  view  of  entire  male  carapace,  c,  Paratype,  SDSC  7,  internal  view  of  female 
right  valve,  d,  e,  Paratype,  SDSC  8;  d,  dorsal  hinge  view  of  female  left  valve;  e,  dorsal  hinge  view  of 
right  valve./,  Paratype,  USNM  131793,  side  view  female  right  valve. 


Description.  In  profile : dorsal  margin  straight,  ventral  margin  slightly  concave,  posterior 
and  anterior  margins  evenly  rounded;  wide  longitudinal  ridges  faintly  discernible  on 
lateral  surfaces — expressed  as  low  undulations ; some  specimens  finely  pitted  on  posterior 
inflations ; fine  ornamentation  of  longitudinal  lines  also  occasionally  present ; prominent 
smooth  marginal  ridge  best  developed  anteriorly,  present  on  both  valves.  Strong  sexual 
dimorphism;  females  wedged-shaped,  in  dorsal  view,  due  to  two  distinct  posterior 
swellings  in  each  valve ; male  carapace  thinner,  sides  parallel. 

Right  valve  overlapping  left  valve  around  entire  margin;  in  dorsal  view:  left  valve 
with  projecting  flange- like  tooth  just  posterior  to  centre;  right  valve  with  accommo- 
dating ‘socket’. 

Muscle  scar  pattern  typical  for  genus:  adductor  muscle  scar  field  of  about  thirteen 
smaller  scars,  sometimes  divided. 
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Dimensions  (in  mm.). 

Holotype,  SDSC  5 (entire  ?)  . 

Paratype,  SDSC  6 (entire  <S) 

Paratype,  SDSC  7 (right  valve  ?) 
Paratype,  SDSC  8 (left  valve  $) 
Paratype,  SDSC  8 (right  valve  $) 
Paratype,  USNM  131793  (right  valve  ?) 


Length 

Height 

Width 

0-57 

0-32 

0-22 

0-57 

0-32 

017 

0-57 

0-32 

0-17 

0-55 

0-31 

0-13 

0-55 

0-32 

013 

0-57 

0-32 

012 

Discussion.  This  species  is  a unique  Cretaceous  form,  differing  from  most  by  the  lack 
of  well-developed  ornamentation,  yet  having  a conspicuous  marginal  ridge.  C.  milowi 
sp.  nov.  is  very  abundant  in  the  Carlsbad  area. 


Cytherelloidea  directiangida  sp.  nov. 

Text-fig.  €>a-f 

Diagnosis.  A Cytherelloidea  with  broadly  rounded,  wide-rimmed  anterior  margin  and 
evenly  spaced  small  marginal  denticulations ; ventrally  trending  longitudinal  ridge 
arising  from  vertical  posterior  ridge,  and  fairly  deeply  concave  ventral  margin. 


TEXT-FIG.  6.  Cytherelloidea  directiangida  sp.  nov.  a-c,  Holotype,  SDSC  9;  a,  exterior  view  of  adult 
right  valve;  b,  internal  view;  c,  dorsal  view,  d,  e,  Paratype,  SDSC  10;  d,  exterior  view  of  penultimate 
left  valve;  e,  dorsal  view./,  Paratype,  USNM  131794,  dorsal  view  of  penultimate  right  valve. 


Description.  Right  valve  overlaps  left  around  entire  margin;  dorsal  margin  broadly 
arched,  ventral  margin  deeply  concave ; broad  continual  marginal  ridge  best  developed 
posteriorly,  joined  posteriorly  to  two  anteriorly  attenuated  longitudinal  ridges;  posterior 
cardinal  angle  sharply  angled  at  about  90°.  Adductor  muscle  scar  depression  virtually 
lacking  except  in  younger  instars  where  it  may  well  be  developed;  surface  densely 
pitted;  ridges  well  developed.  In  penultimate  instars  surface  less  ridged;  pits  scarcer, 
larger  than  in  adults. 

Hingement  of  simple  overlap  except  in  mature  individuals,  in  which  part  of  right  valve 
dorsum  strongly  projects  with  subjacent  socket-like  depression  for  reception  of  left 
valve. 

D d 


C 2242 
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Muscle  scar  pattern  typical  for  genus:  about  thirteen  smaller  scars  in  two  rows 
curving  postero-ventrally.  Additional  scars  located  just  anterior  to  adductor  scar 
pattern. 


Dimensions  (in  mm.). 

Length 

Height 

Width 

Holotype,  SDSC  9 (right  valve)  . . . . 

0-80 

0-46 

on 

Paratype,  SDSC  10  (left  valve,  young) 

0-70 

0-40 

0-11 

Paratype,  USNM  131794  (right  valve,  young)  . 

0-71 

0-41 

on 

Discussion.  This  species  resembles  C.  bilocidata  van  Veen  1932,  from  the  Maestrichtian 
of  South  Limburg,  in  the  basic  ornamentation  of  two  longitudinal  ridges  arising  from 
a vertical  posterior  ridge,  the  presence  of  an  entire  peripheral  rim,  and  concave  ventral 
margin.  Strong,  almost  tooth-like  antero-dorsal  overlap  by  the  right  valve  is  also  common 
to  both.  C.  bilocidata,  however,  lacks  the  sharp  dorsal  angle  and  large  size  of  C.  directi- 
angiila. 

C.  denticidata  (Bosquet  1854),  also  from  the  Maestrichtian  of  South  Limburg,  resembles 
both  the  above  species  in  their  noted  similarities  and,  like  C.  directiangida,  has  a 90° 
antero-dorsal  margin  and  greater  size.  The  Rosario  Formation  species  differs  from  C. 
denticidata  in  the  former’s  aberrant  left  valve  and  more  sharply  angled  antero-ventral 
margin. 

C.  hieroglyphica  (Bosquet  1852),  from  the  Lower  and  Middle  Eocene  of  France  and 
Belgium  (Keij  1957,  pp.  47,  48),  is  apparently  related  to  the  Carlsbad  species,  as 
evidenced  by  the  heavy  antero-marginal  rim,  posterior  truncation,  pitted  surface, 
and  basically  similar  pattern  of  three  lateral  ridges.  C.  directiangida  has  a more  arched 
dorsum  and  poorly  developed  lateral  ridges  in  the  anterior  areas. 

Suborder  podocopina  Sars  1866 
Superfamily  bairdiacea  Sars  1888 
Family  bairdiidae  Sars  1888 

Genus  bairdoppilata  Coryell,  Sample  and  Jennings  1935 
Bairdoppdata  cretacea  sp.  nov. 

Text-fig.  la-i 

Diagnosis.  A Bairdoppdata  with  relatively  small,  pitted,  highly  dimorphic  carapace, 
and  antero-ventral  flange. 

Description.  Carapace  relatively  small,  elongate;  smaller  right  valve  with  long  straight 
dorsal  margin  sloping  posteriorly  at  about  10°,  antero-dorsal  and  postero-dorsal 
margins  equally  long;  pronounced  upturned  caudal  process;  straight  to  convex  ventral 
margin  curving  up  evenly  at  both  ends;  valve  with  conspicuous  antero-ventral  flange. 
Larger  left  valve  with  gently  rounded  dorsal  margin  and  evenly  convex  ventral  margin; 
strongly  overlapping  right  valve  along  entire  dorsal  margin  and  at  ventral  inturned  area. 
Greatest  inflation  in  ventral  area;  laterally  compressed  at  both  ends  in  dorsal  view; 
surfaces  finely  pitted. 

Hingement  typical  for  genus:  terminal  elements  of  right  valve  of  five  to  six  smaller 
teeth.  Radial  pore  canals  numerous,  anterior  and  posterior  vestibules  present;  normal 
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pores  small,  abundant.  Adductor  muscle  scar  pattern  composed  of  circular  pattern  of 
eight  smaller  scars  with  three  scars  inside. 


TEXT-FIG.  7.  Bairdoppilata  cretacea  sp.  nov.  a-c,  Holotype,  SDSC  1 1 ; o,  external  view  of  male  right 
valve;  b,  internal  hinge  view;  c,  dorsal  view  of  right  valve,  d,  e,  Paratype,  USNM  131796;  d,  dorsal 
view  of  male  left  valve;  e,  internal  view  of  left  valve./,  Paratype,  SDSC  12,  internal  view  of  female 
left  valve,  g,  Paratype,  SDSC  13,  external  view  of  male  right  valve,  li,  Paratype,  SDSC  14,  anterior 
view  of  male  right  valve.  /,  Paratype,  SDSC  1 5,  anterior  view  of  male  left  valve. 


Dimensions  (in  mm.). 

Holotype,  SDSC  1 1 (right  valve  S)  ■ 
Paratype,  SDSC  12  (left  valve  $) 
Paratype,  SDSC  1 3 (right  valve  3)  ■ 
Paratype,  SDSC  14  (right  valve  d)  • 
Paratype,  SDSC  15  (left  valve  c?) 
Paratype,  USNM  131796  (left  valve  <S) 


Length 

Height 

Width 

0-88 

0-50 

0-21 

0-92 

0-56 

0-27 

0-82 

0-45 

0-22 

0-87 

0-45 

0-24 

0-89 

0-57 

0-27 

0-92 

0-65 

0-31 

Discussion.  The  shape  in  profile  of  this  species  is  much  like  that  of  B.  magna  (Alexander 
1927),  from  the  Maestrichtian  Navarro  Formation  of  Texas,  and  B.  pondera  Jennings 
1936,  from  the  Maestrichtian(?)  of  New  Jersey.  B.  cretacea  differs  from  the  former  by 
being  much  smaller  (0-92  mm.  long  as  opposed  to  140-1 -50  mm.)  and  having  a more 
posteriorly  extended  ventral  margin.  It  differs  from  the  latter  by  having  a smaller, 
relatively  longer  carapace  and  a more  elongate,  flatter  dorsal  margin. 

In  shape  this  species  is  almost  identical  to  B.  cretacea  van  Veen  1936,  differing  only 
by  having  a pitted  surface  and  somewhat  flatter  dorsal  margin  to  the  left  valve. 
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Superfamily  cypridacea  Baird  1845 
Family  paracyprididae  Sars  1923 
Genus  paracypris  Sars  1866 

Paracypris  fragilis  sp.  nov. 

Text-fig.  8a-b 

Diagnosis.  A Paracypris  with  straight  ventral  margin,  broadly  arched  dorsal  margin, 
and  posteriorly  tapering  carapace  with  slight  concavity  in  antero-dorsal  margin. 

Description.  Greatest  width  and  height  in  anterior  one-third  of  carapace;  anterior  margin 
broadly  rounded  and  protruding,  with  depression  in  antero-dorsal  margin;  ventral 
margin  straight  to  slightly  concave ; posterior  sharply  pointed  both  from  side  and  dorsal 
view.  Left  valve  overlapping  right  valve  at  antero-dorsal  concavity,  overlapping  not 
pronounced. 

Duplicature  wide;  vestibules  well  developed;  radial  pore  canals  numerous,  short. 
Adductor  muscle  scar  pattern  an  almost  perpendicular  row  of  three  scars:  bottom 
scar  faintly  divided  into  three  or  four  smaller  scars,  scar  posterior  to  lowest  scar  also 
faintly  divided;  two  small  obliquely  arranged  antennal(?)  scars  located  antero-ventral 
to  adductor  scar  group. 


/ 

I ! , 0,1  m m, 


TEXT-FIG.  8.  Paracypris  fragilis  sp.  nov.  a,  Holotype,  SDSC  16,  internal  view  of  right  valve. 
b,  Paratype,  USNM  131795,  dorsal  view  of  right  valve. 

Dimensions  (in  mm.).  Length  Height  Width 

Holotype,  SDSC  16  (right  valve) 0-84  0-34  0-12 

PnraO’;?.?,  USNM  131795  (right  valve)  ....  0-85  0-36  0 14 

Discussion.  The  Rosario  species  is  comparable  in  general  shape  to  P.  goodlandensis  Howe 
and  Laurencich  1958,  from  the  Albian(?)  of  Texas  and  P.  acula  (Cornuel  1848),  from  the 
Hauterivian  to  Aptian  of  France,  but  the  latter  is  more  slender.  The  description  of  the 
profile  of  the  dorsal  margin  and  position  of  greatest  width  of  P.  goodlandensis  in  Howe 
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and  Laurencich  (1958,  p.  448)  also  applies  to  P.fragiJis,  but  the  concave  ventral  margin, 
larger  size,  and  slightly  upturned  posterior  of  P.  goodlandensis  distinguish  it  from  the 
present  species. 


Family  pontocyprididae  G.  W.  Muller  1894 
Genus  argilloecia  Sars  1866 

Argilloecia  constricta  sp.  nov. 

Text-fig.  9a-c 

Diagnosis.  An  Argilloecia  with  conspicuously  laterally  flattened  carapace,  small  antero- 
dorsal  flange,  large  anterior  vestibule,  and  adductor  muscle  scar  boss  of  nine  scars  in 
two  rows,  with  two  ventrally  adjacent  mandibular  scars. 


TEXT-FIG.  9.  Argilloecia  constricta  sp.  nov.  a-c,  Holotype,  SDSC  17;  n,  internal  view 
of  right  valve;  b,  external  view  of  right  valve;  c,  dorsal  view  of  right  valve. 


Description.  Carapace  small,  smooth;  shape  distinctive  of  genus;  mid-portion  of  valves 
conspicuously  flattened;  posterior  margin  truncated,  ventral  margin  straight;  dorsum 
arched;  small  flange  developed  at  antero-dorsal  angle. 

Anterior  vestibule  large,  posterior  vestibule  apparently  small;  duplicature  narrow; 
radial  pore  canals  fairly  numerous,  simple. 

Hinge  adont;  dorsum  of  right  valve  modified  to  elongate  smooth  bar  fitting  into, 
and  partially  over,  left  valve. 

Dimensions.  Holotype,  SDSC  17:  length  0-50  mm.;  height  0-21  mm.;  width  0-1  mm.  (single  valve). 

Discussion.  An  exact  description  of  muscle  scar  pattern,  vestibule,  and  the  variability 
of  this  species  is  wanting  for  the  lack  of  a suiflcient  number  of  specimens.  No  satisfactory 
comparisons  can  be  made  with  known  Cretaceous  species  of  this  genus.  Unlike  this 
and  the  type  species,  all  recorded  Cretaceous  species  lack  the  flattened  mid-portions 
and  are  more  tapered  posteriorly. 
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Superfamily  cytheracea  Baird  1850 
Family  prognocytheridae  Sylvester-Bradley  1948 
Genus  neocythere  Mertens  1956 
Subgenus  physocythere  Kaye  1963 

Neocythere  {Physocythere)  fornicata  sp.  nov. 

Text-fig.  lOa-e 

Diagnosis.  A Neocythere  {Physocythere)  with  an  arched  dorsum;  about  five  or  six 
pronounced,  anteriorly  acutely-angled  concentric  lateral  ridges;  coarse  reticulations, 
especially  in  middle  regions  of  valves ; and  non-parallel,  posteriorly  convergent  ventro- 
lateral ridges. 

Description.  The  description  is  based  on  one  entire  adult  specimen  and  several  young. 
The  hinge  of  the  adult  was  observed  with  the  aid  of  transmitted  light  (text-fig.  lOt/). 


TEXT-FIG.  10.  Neocythere  {Physocythere)  fornicata  sp.  nov.  a-c,  Holotype,  SDSC  18;  a,  dorsal  view 
showing  dentition;  b,  ventral  view;  c,  lateral  view  of  right  valve,  d,  Paratype,  SDSC  19,  hinge  view. 
e,  Paratype  SDSC  20,  dorsal  view  of  right  valve  and  muscle  scar  pattern ; muscle  scars  not  drawn  to 

scale. 

In  profile:  dorsal  margin  broadly  arched;  ventral  margin  straight;  venter  and  dorsum 
convergent  posteriorly  to  well-developed,  low,  caudal  process.  Surface  deeply  sculptured 
with  five  or  six  sub-concentric  ridges  that  acutely  converge  in  anterior ; median  two-thirds 
of  valve  coarsely  reticulated.  Left  valve  larger,  overlapping  right  valve  in  cardinal  areas 
and  at  caudal  process,  right  valve  overlapping  left  valve  at  ventral  inturned  area. 

Hinge  antimerodont : terminal  cusps  of  right  valve  deeply  notched  with  five  or  six 
teeth ; median  bar  of  right  valve  strongly  crenulate ; with  supra-adjacent  accommodation 
groove. 

Adductor  muscle  scar  pattern  of  four  equal  scars  in  curved  line;  V-shaped  antennal 
scar  anterior  to  top  two  adductor  scars;  single  mandibular  scar  ventral  to  antennal  scar. 
Duplicature  narrow;  small  vestibules  present. 

Dimensions.  Holotype,  SDSC  18  (entire):  length  0-57  mm.;  height  0-30  mm.;  width  0-32  mm. 
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Discussion.  Kaye  (1963)  has  clarified  the  Neocythere  problem  considerably  by  erecting 
three  subgenera  based  on  vagaries  in  dentition.  The  present  species  belongs  to  the 
subgenus  Fhysocythere  Kaye,  because  of  its  merodont  hinge. 

Kaye  notes  only  one  species  of  this  subgenus  with  an  arched  dorsum,  namely  Neocythere 
(Physocythere)  semilaeva  Kaye  1963,  from  the  Upper  Albian  of  England.  This  feature 
is  shared  by  the  present  species;  however,  N.  (P.)  semilaeva  has  weak  ornamentation 
whereas  in  the  Californian  species  it  is  strong.  N.  {N.)  sculpta  (Cornuel  1846),  from  the 
Barremian  and  Aptian  of  France  and  N.  (N.)  vanveeni  Mertens  1956,  from  the  Upper 
Albian  of  Germany,  also  have  arched  dorsa. 

Unlike  other  neocytherids,  the  ridge  pattern  in  the  antero-lateral  part  of  the  carapace 
of  this  species  is  acutely  angled,  not  rounded. 

Family  brachycytheridae  Puri  1954 
Genus  brachycythere  Alexander  1933 

Brachycythere  darensis  Swain  1952 

Text-fig.  llfl-e 

1952  Brachycythere  darensis  Swain,  p.  80,  pi.  8,  figs.  40,  41. 

1957  Brachycythere  sphenoides  (Reuss);  Butler  and  Jones,  p.  27,  pi.  3,  fig.  1. 

1958  Brachycythere  darensis  Swain;  Howe  and  Laurencich,  p.  86. 

Diagnosis.  A Brachycythere  with  heavily  keeled  and  relatively  posteriorly  rounded 
carapace. 

Description.  In  profile,  dorsal  margin  of  right  valve  highly  and  evenly  arched  above 
left  valve;  dorsal  margin  of  left  valve  straight,  sloping  gently  posteriorly  and  then 
more  abruptly  past  the  posterior  cardinal  angle ; surface  smooth,  with  small  depressions 
coinciding  with  conspicuous  normal  pores.  Fong  massive  keel  present,  extending  at 
lowest  point  to  or  below  ventral  margin,  coincident  with  row  of  normal  pores. 

Hinge  essentially  hemiamphidont : anterior  tooth  of  right  valve  stepped,  posterior 
part  faintly  grooved  into  four  ridges ; posterior  element  of  right  valve  coarsely  grooved 
into  five  or  six  smaller  teeth. 

Adductor  muscle  scar  pattern  basically  of  four  in  a row;  top  two  scars  divided  into 
four,  bottom  two  scars  fused  into  one;  V-shaped  antennal  scar  immediately  anterior  to 
highest  adductor  scars;  many  small  mandibular  scars  above  adduetor  group;  single 
mandibular  scar  antero-ventral  to  adductor  group.  Marginal  areas  without  vestibules; 
radial  pore  canals  abundant,  wavy,  with  tendency  to  be  paired  in  posterior  area. 


Dimensions  (in  mm.). 

Length 

Height 

Width 

Plesiotype,  SDSC  21  (entire)  . 

0-92 

0-59 

0-50 

Plesiotype,  SDSC  22  (right  valve)  . 

TOO 

0-55 

0-35 

Plesiotype,  SDSC  23  (left  valve) 

0-93 

0-57 

0-30 

Plesiotype,  SDSC  24  (right  valve)  . 

0-91 

0-53 

0-29 

Plesiotype,  USNM  131797  (entire)  . 

0-92 

0-57 

0-54 

Discussion.  The  description  of  the  species  by  Swain  (1952,  p.  80) 

does  not  include  a 

consideration  of  the  internal  features.  The  preservation  of  those  from  Carlsbad  is 
excellent,  and  allows  scrutiny  of  the  finest  internal  details. 
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Slight  differences  exist  between  B.  darensis  from  the  Upper  Cretaceous  of  North 
Carolina  and  individuals  from  Carlsbad,  California.  Of  the  sixteen  specimens  collected 
from  the  Carlsbad  area  none  were  as  large  as  the  holotype  (length  1-04  mm.,  height 
0-72  mm.,  width  0-61  mm.);  also,  the  carapace  is  slightly  more  pointed  posteriorly  than 
in  the  holotype,  though  not  as  much  as  B.  sphenoides  (Reuss  1854). 


t 


TEXT-FIG.  1 1 . Brachycytliere  darensis  Swain  1952.  a,  Plesiotype,  SDSC  21 , left  valve  of  entire  specimen. 
b,  Plesiotype,  SDSC  22,  dorsal  hinge  view  of  right  valve,  c,  Plesiotype,  SDSC  23,  internal  view  of  left 
valve,  adductor  and  antennal  scars  in  white,  d,  Plesiotype,  USNM  131797,  dorsal  view  of  entire 
carapace,  e,  Plesiotype,  SDSC  24,  internal  hinge  view  of  right  valve. 

B.  sphenoides  (Reuss)  of  Butler  and  Jones  (1957),  from  the  Lower  Maestrichtian(?) 
of  Louisiana,  is  also  included  in  the  synonomy  on  the  basis  of  their  illustration.  It 
appears  more  like  B.  darensis,  as  described  by  Swain  and  those  from  Carlsbad,  than 
B.  sphenoides  (Reuss). 


Family  cytheredeidae  Sars  1925 
Subfamily  krithinae  Mandelstam  in  Bubikan  1958 
Genus  krithe  Brady,  Crosskey,  and  Robertson  1874 

Krithe  ciishmani  carlsbadensis  subsp.  nov. 
Text-fig.  12a-c 


Diagnosis.  Like  Krithe  cushmani  Alexander  1929,  from  the  Campanian-Santonian  of 
Texas,  but  with  blunter  postero-ventral  margin,  more  oblique  antero-ventral  margin, 
straighter  slightly  concave  ventral  margin,  and  smaller  carapace. 

Description  (based  on  an  excellently  preserved  right  valve  and  one  broken  specimen). 
In  prohle:  dorsal  margin  broadly  arched,  ventral  margin  evenly  and  gently  concave, 
anterior  margin  sharply  truncated,  in  dorsal  view  mid-portion  of  carapace  somewhat 
flattened,  evenly  inflated ; surface  smooth ; normal  pores  few  and  large. 
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Dentition  typical  for  genus.  Adductor  muscle  scar  pattern  a vertical  row  of  four  large 
elongate  scars;  irregular  pair  of  antennal  scars  anterior  to  top  two  adductor  scars; 
elongate  mandibular  scar  below  antennal  scars  near  ventral  margin;  three  irregular 
mandibular  scars  in  dorsal  region. 

Anterior  vestibule  large,  radial  pore  canals  fairly  sparse ; normal  pores  sparse,  large. 


TEXT-FIG.  12.  Krithe  cushmani  carlsbadensis  subsp.  nov.  a-c,  Holotype, 

SDSC  25;  a,  external  view  of  female  right  valve;  b,  internal  view, 
antennal  and  adductor  scars  white,  posterior  vestibule  broken; 

c,  dorsal  view. 

Dimensions.  Holotype,  SDSC  25  (right  valve):  length  0 53  mm.;  height  0-28  mm.;  width  0T3  mm. 

Discussion.  K.  bartonensis  (Jones  1857,  p.  85)  from  the  Upper  Eocene  (Bartonian)  of 
the  Netherlands,  Belgium,  and  England,  has  a less  truncated  posterior,  concave  venter, 
and  single  antennal  scar.  Otherwise  it  is  similar  to  K.  cushmani  carlsbadensis.  This  species 
is  rare  in  the  Carlsbad  area. 

Family  cytheruridae  G.  W.  Muller  1894 
Genus  cytherura  Sars  1866 

Cytherura{‘l)  divaricata  sp.  nov. 

Text-fig.  13a-e 

Diagnosis.  A Cytherura{T)  with  heavy  central  lateral  ridge  dividing  into  three  smaller 
ridges  at  weak  sub-central  tubercle;  weak  dentition,  and  pronounced  inequivalved 
carapace. 

Description.  Adult  shell  heavy : valves  unequal,  right  valve  much  higher  and  overlapping 
left  along  mid-dorsum;  left  valve  strongly  overlapping  right  at  antero-dorsal  and 
postero-dorsal  margins,  and  at  sharply  inturned  ventral  area;  dorsal  margin  of  left 
valve  straight;  left  valve  subquadrate  in  profile,  right  valve  sloping  sharply  at  antero- 
dorsal  and  postero-dorsal  margins ; heavy  marginal  ridges  along  dorsum  and  venter  and 
around  posterior.  Ventral  lateral  ridge  bifurcating:  topmost  ridge  largest — especially 
apparent  in  penultimate  instars;  median  ridge  continuous  from  marginal  ridge  at 
postero-dorsal  area,  running  obliquely  to  fairly  well-defined  sub-central  tubercle  and 
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there  dividing  into  three  smaller  outwardly  radiating  ridges ; large  externally  conspicuous 
normal  pores  in  deep  depressions  along  ridges. 

Hinge  weak  antimerodont:  left  valve  with  terminal  tooth  plates  grading  into  more 
finely  crenulate  groove;  teeth  barely  projecting  from  valve  in  dorsal  view;  no  vestibules 
present;  radial  pore  canals  sparse,  wavy;  normal  pores  large,  sparse. 

Four  sub-rectangular  adductor  muscle  scars  located  on  edge  of  faint  vertical  ridge, 
upward  opened  V-shaped  antennal  scar  anterior  to  adductor  scars;  mandibular  scars 
above,  and  antero-ventral  to,  adductor  scars. 


TEXT-FIG.  13.  Cytherura  (?)  divaricata  sp.  nov.  a,  Holotype,  SDSC  26,  external  view  of  adult  left  valve. 
b,  Paratype,  SDSC  27,  interior  view  of  adult  right  valve,  adductor  and  ‘V’-shaped  antennal  scars 
white,  c,  Paratype,  USNM  131798,  dorsal  view  of  adult  right  valve  showing  weak  antimerodont  denti- 
tion. d,  Paratype,  USNM  131799,  external  view  of  probable  penultimate  right  valve  showing  well- 
developed  caudal  process,  e,  Paratype,  SDSC  28,  external  view  of  adult  right  valve. 


Dimensions  (in  mm.). 

Length 

Height 

Width 

Holotype,  SDSC  26  (left  valve) 

0-47 

0-26 

0-15 

Paratype,  SDSC  27  (right  valve) 

0-52 

0-27 

0-11 

Paratype,  SDSC  28  (right  valve) 

0-47 

0-26 

0-12 

Paratype,  USNM  131799  (young  right  valve)  . 

0-37 

0-22 

009 

Paratype,  USNM  131798  (right  valve) 

. 0-48 

0-27 

0-10 

Discussion.  Though  the  basic  pattern  of  ornamentation  is  the  same,  as  are  the  muscle 
scar  patterns  and  hinge,  the  presumably  penultimate  instars  have  a much  more  pos- 
teriorly pointed  carapace  than  the  adults.  They  are  considered  young  because  of  their 
fragile  shell,  lack  of  well-developed  duplicature,  and  smaller  size. 

This  species  is  apparently  a member  of  the  'Cytheriira{iy  group  as  recognized  by 
Howe  and  Laurencich  (1958,  pp.  309-16),  including  C.(?)  astriala,  C.(?)  bemelenensis, 
C.(?)  crassistriata,  and  C.(?)  tenuistriata,  all  of  van  Veen  1936,  from  the  Maestrichtian 
of  South  Limburg.  Shape,  ornamentation,  and  lack  of  a well-developed  caudal  process 
indicate  the  need  for  a new  generic  name  for  these  species.  Of  the  above  group  the 
Rosario  Formation  species  most  closely  resembles  C.(?)  bemelenensis.  The  others  differ 
in  the  nature  of  their  lateral  ridge  complexes  in  the  posterior  region. 
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Genus  cytheropteron  Sars  1866 
Cytheropteron  coryelli  carlsbadensis  subsp.  nov. 

Text-fig.  lAa-e 

Diagnosis.  This  subspecies  is  distinguished  from  Cytheropteron  coryelli  Schmidt  1948  by 
its  smaller  size,  faintly  pitted  posterior,  and  more  pronounced,  less  differentiated  median 
bar  in  the  right  valve. 


TEXT-FIG.  14.  Cytheropteron  coryelli  carlsbadensis  subsp.  nov.  a,  c,  d,  Holotype,  SDSC  29; 
a,  dorsal  hinge  view  of  adult  left  valve;  c,  external  view  showing  pitted  posterior;  d,  internal 
view,  adductor  and  antennal  scars  in  white,  b,  Paratype,  SDSC  30,  dorsal  hinge  view  of 
adult  right  valve,  e,  Paratype,  SDSC  31,  dorsal  view  of  entire  young  form. 

Description.  Schmidt  (1948,  p.  413)  states:  ‘in  dorsal  view  resembles  triangular  arrow- 
head. . . . Posterior  margin  narrow,  tapering,  with  dorsally  curving  caudal  process  in 
center.  . . . faint  suggestion  of  median  sulcus.  Ventral  wings  strongly  developed,  with 
compressed  outer  margins.  . . .’ 

Hinge  weak  holomerodont,  almost  prionodont ; posterior  surface  faintly  punctate ; four 
closely  spaced  adductor  muscle  scars  located  on  slight  vertical  median  ridge ; V-shaped 
antennal  scar  posterior  to  top  adductor  scars ; mandibular  scars  also  on  median  ridge 
above  and  below  adductor  scars;  anterior  duplicature  wide  with  small  low  vestibule 
and  few  large  bifurcating  radial  pore  canals ; sparse,  simple,  posterior  radial  pore  canals. 


Dimensions  (in  mm.). 

Length 

Height 

Width 

Holotype,  SDSC  29  (left  valve,  adult) 

. 0-56 

0-24 

0-22 

Paratype,  SDSC  30  (right  valve,  broken)  . 

. 0-56 

— 

— 

Paratype,  SDSC  31  (entire,  young) 

. 0-35 

0-22 

0-25 

Discussion.  The  Carlsbad  specimens,  in  shape  and  sulcation,  more  nearly  resemble 
C.  coryelli  than  C.  navarroense,  which  are  treated  as  synonyms  by  Howe  and  Laurencich 
(1958,  p.  303).  Alexander  (1929,  p.  105)  mentions  no  sulcus  in  the  description  of  C. 
navarroense,  and  his  figures  do  not  show  the  pronounced  posteriorly  projecting  alae  of 
C.  coryelli  Schmidt  (1948,  p.  413)  and  those  dealt  with  here.  These  appear  to  be  two 
distinct  species. 
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Genus  eocytheropteron  Alexander  1933 
Eocytheropteron  turgidulum  sp.  nov. 
Text-fig.  \5a-c 


Diagnosis.  An  Eocytheropteron  with  short,  central  caudal  process;  strong  left  valve 
dorsal  overlap;  oblique,  short  antero-dorsal  sulcus;  thickened  margins. 


TEXT-FIG.  15.  Eocytheropteron  turgidulum  sp.  nov.  a-c,  Holotype,  SDSC  32;  a,  external  ' | 

view  of  right  valve  showing  overlap  of  left  valve;  b,  dorsal  view  of  entire  carapace  j 

showing  hinge  structure;  c,  ventral  view  of  entire  carapace. 

Description.  In  dorsal  view  carapace  relatively  compressed  for  genus,  tapering  equally 
anteriorly  and  posteriorly;  left  valve  overlapping  right  valve  around  entire  margin,  | 
best  developed  dorsally  and  postero-dorsally ; caudal  process  of  left  valve  short,  straight,  , 
medially  located,  completely  overlapped  around  margins  by  left  valve;  anterior  and 
posterior  margins  with  poorly  developed,  massive,  peripheral  rims ; postero-dorsal  area 
sculptured  with  few  discontinuous  concentric  ridges;  venter  with  about  four  narrow, 
parallel  ridges  in  each  valve;  deep,  short,  oblique,  antero-dorsal  sulcus  present. 

Hinge  antimerodont : terminal  elements  with  about  five  or  six  equal  sized  crenulations, 
median  bar  coarsely  crenulate. 

Dimensions.  Holotype,  SDSC  32  (entire):  length  0-42  mm.;  height  0-25  mm.;  width  0-24  mm.  | 

Discussion.  Though  only  one  specimen  was  found,  almost  perfect  preservation  allows  | 
specific  description.  ; 

This  species  is  undoubtedly  related  to  the  smooth,  dorsally  sulcated  eocytheropterids 
of  Alexander  (1933)  and  Swain  (1952)  from  the  Aptian  and  Albian  of  the  Gulf  Coast.  | 

Of  this  group  E.  semiconstrictum  Alexander  1933  appears  most  similar  to  this  species,  j 

but  differs  in  having  a liigher  left  valve  in  relation  to  the  right,  a more  upturned  caudal  .! 
process,  and  a larger  carapace. 


Diagnosis.  A small  inflated  Eucytherura  with  about  eight  to  ten  reticulations  from  venter 
to  dorsum;  well-developed,  medially  located  caudal  process;  very  weak  dentition; 
convex  dorsal  margin. 


\ 


Genus  eucytherura  G.  W.  Muller  1894 
Eucytherura  versabilis  sp.  nov. 
Text-fig.  16a-e 
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Description.  Carapace  inflated  in  dorsal  view;  small  alae  usually  present.  In  profile: 
dorsal  margin  slightly  convex;  anterior  margin  obliquely  sloping  towards  antero-ventral 
area,  transected  by  four  to  five  short  horizontal  ridges;  posterior  margin  with  medially 
located  unornamented  caudal  process;  surface  sculptured  with  deep  reticulations; 
median  sulcus  faint,  eye  tubercles  prominent,  ocular  sinus  large. 

Dentition  antimerodont : small  terminal  teeth  of  right  valve  faintly  divided  into  three 
smaller  teeth ; narrow  median  groove  crenulate,  irregular. 

Duplicature  moderately  wide:  radial  pore  canals  enlarged,  sometimes  bifurcating, 
sparse;  very  shallow  posterior  and  anterior  vestibules  present.  Muscle  scar  pattern  of 
four  ventrally  located  adductor  scars  on  edge  of  median  ridge;  two  antennal  scars 
anterior  to  the  uppermost  adductor  scar,  large  mandibular  scar  located  on  median 
ridge  above  adductor  scars. 


TEXT- FIG.  16.  Eiicythenira  versabilis  sp.  nov.  a,  Paratype,  USNM  131800,  external  view  of  female  right 
valve,  b,  Holotype,  SDSC  33,  dorsal  view  of  entire  female,  c,  Paratype,  SDSC  34,  internal  view  of  female 
right  valve,  showing  adductor  and  mandibular  scars  in  white,  d,  e,  Paratype,  SDSC  35;  d,  dorsal  view 
of  male(?)  left  valve;  e,  side  view  of  left  valve. 


Dimensions  (in  mm.). 

Length 

Height 

Width 

Holotype,  SDSC  33  (entire  9?) 

0-35 

0-21 

0-20 

Paratype,  USNM  131800  (right  valve  ??). 

. 0-34 

0-21 

Oil 

Paratype,  SDSC  34  (right  valve  $?) 

0-35 

0-21 

on 

PuraO'pc,  SDSC  35  (left  valve  (J?) 

. 0-36 

0-22 

0-14 

Discussion.  In  both  dorsal  view  and  profile  this  species  is  similar  to  E.  cretacea  van  Veen 
1936,  from  the  Maestrichtian  of  South  Limburg,  Netherlands.  Also  as  in  that  species 
the  dentition  is  tending  towards  amphidont  in  some  specimens  as  a result  of  thickening 
of  the  anterior  end  of  the  median  bar;  however,  the  dorsal  margin  is  not  straight  and 
the  carapace  is  only  slightly  sulcate. 

Of  the  North  American  species  of  Eucythenira,  E.  stephensoni  Weingeist  1949  is 
most  similar  in  general  shape,  but  as  with  other  Cretaceous  species  of  this  genus,  its 
dorsal  margin  is  straighter  than  that  of  the  new  species. 

Sexual  dimorphism:  in  both  forms  the  carapace  is  greatly  inflated;  however,  in  a very 
few  specimens,  in  lieu  of  the  small  postero-ventral  alae,  the  carapace  is  extended  by  a 
conspicuous  knob. 
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Eucytherura  piano  lata  sp.  nov. 


Text-fig.  lla-c 


Diagnosis.  An  Eucytherura  with  flat  sides  broadening  ventrally;  wide  postero-dorsal 
area ; very  faint  anterior  muscle  scar  tubercle ; and  narrow  ventral  ridge  continuing  up 
the  anterior  margin. 


TEXT-FIG.  17.  Eucytherura  plauolata  sp.  nov.  a,  b,  Holotype,  SDSC  36;  a,  dorsal  view  of 
entire  male  (?)  carapace;  b,  side  view  of  left  valve,  c,  Paratype,  SDSC  37;  internal  view 

of  female(?)  right  valve. 

Description.  Carapace  flattened  on  sides,  broadening  ventrally.  In  profile : anterior  margin 
blunt,  with  maximum  of  five  heavy  denticulations  confined  to  ventral-most  part ; dorsal 
margin  slightly  convex,  sub-parallel  with  slightly  convex  ventral  margin;  posterior 
compressed  (beneath  broad  postero-dorsum) ; narrow  ventral  ridge  from  mid-venter, 
along  ventral  margin,  part  way  up  anterior  margin ; pointed  alae  of  two  short,  oblique 
ridges.  Surface  reticulate;  eye  tubercles  present,  with  heavy,  ventrally  connected  short 
ridges;  carapace  faintly  sulcate;  indistinct  muscle  tubercle  present;  dimorphism  not 
observed. 

Dentition  antimerodont;  terminal  elements  faintly  divided,  small,  sub-hemispherical; 
median  bar  of  left  valve  crenulate,  wavy. 

Adductor  muscle  scar  pattern  of  four  equal  oblong  scars;  two  equal  antennal  scars 
anterior  to  uppermost  adductor  scars.  Anterior  vestibule  deep  in  ventral  part  of  anterior 
margin,  posterior  vestibule  shallow;  radial  pore  canals  diverging,  coarse  in  antero- 
ventral  region. 

Dimensions  (in  mm.).  Length  Height  Width 

SDSC  36  (entire  (??) 0-37  0-19  0-11 

Paratype,  SDSC  37  (right  valve  ??)  ....  0-35  0-20  OTO 

Discussion.  E.  planolata  sp.  nov.  bears  no  affinities  with  known  Gulf  Coast  or  European 
Eocene — Cretaceous  eucytherurids,  diffiering  from  all  especially  by  the  presence  of  the 
flattened  postero-dorsal  region,  the  oblique  ventral  ridges,  and  the  antero-ventral 
marginal  ridge.  E.  bakeri  Hornibrook  1953,  from  the  Middle  and  Upper  Oligocene  of 
New  Zealand,  exhibits  perfectly  the  antero-ventral  marginal  ridge  and  is  very  similar 
to,  though  not  conspecific  with,  this  species. 
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Eiicythenira  spinata  sp.  nov. 

Text-fig.  18a-e 

Diagnosis.  A highly  dimorphic  Eucylherura  with  postero-ventral  alae  of  two  complex 
spines,  and  combined  reticulate  and  heavily  spinose  ornamentation. 


C 


TEXT-FIG.  18.  Eiicythenira  spinata  sp.  nov.  a,  b,  Holotype,  SDSC  38;  a,  side  view 
of  the  left  valve  of  entire  female  carapace;  b,  dorsal  view  of  carapace,  c,  Paratype, 
SDSC  39,  dorsal  view  of  female  right  valve,  d,  Paratype,  SDSC  40,  internal  view  of 
female  right  valve,  e,  Paratype,  SDSC  41,  dorsal  view  of  entire  male  carapace. 


Description.  Carapace  subquadrate.  In  profile:  dorsal  margin  straight,  appearing 
denticulate  with  several  high  spines;  ventral  margin  straight  to  slightly  convex;  anterior 
margin  blunt  with  four  or  five  moderately  heavy  denticulations  in  ventral  half;  posterior 
margin  with  high  caudal  process;  surfaces  heavily  spinose  and  retieulate,  postero-ventral 
alae  usually  terminating  in  two  large,  often  complex,  spines;  narrow  sinuous  ventral 
ridge  from  lowermost  anterior  denticulation  to  mid-venter;  poorly  developed,  irregular 
ventro-lateral  ridge  from  mid-anterior  spine  to  postero-venter.  Dimorphism  pronounced. 
In  dorsal  view:  more  abundant  females  highly  inflated  (with  rounded  dorsum);  males 
thin,  flat  sided,  with  narrow  dorsum,  inequivalved,  with  eye  tubercle  and  alae  of  right 
valve  more  posterior  than  in  left  valve;  same  postero-ventral  width  as  females. 

Hinge  antimerodont : small  terminal  elements  of  right  valve  faintly  divided  into  three ; 
median  bar  of  left  valve  crenulate.  Anterior  vestibule  narrow;  radial  pore  canals  indis- 
tinct owing  to  obscuring  heavy  exterior  ornamentation ; normal  pores  grouped  within 
reticulations. 


Dimensions  (in  mm.). 

Length 

Height 

Width 

Holotype,  SDSC  38  (entire  $)  . . . 

0-38 

0-22 

0-26 

Paratype,  SDSC  39  (right  valve  ?)  . 

0-38 

0-21 

015 

Paratype,  SDSC  40  (right  valve  $)  . 

0-36 

0-21 

013 

Paratype,  SDSC  41  (entire  <J)  . . . 

0-34 

0-20 

0-24 
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Discussion.  In  profile  this  species  is  best  compared  with  E.  cretacea  van  Veen  1936,  from 
the  Maestrichtian  of  South  Limburg,  which  also  has  a straight  dorsum,  denticulate 
truncate  anterior  margin,  subquadrate  shape  in  profile,  and  sharp  pronounced  alae. 
E.  cretacea,  however,  is  not  spinose. 


Family  schizocytheridae  Howe  1961 
Genus  amphicytherura  Butler  and  Jones  1957 


Amphicytherura  iniqua  sp.  nov. 
Text-fig.  \9a-g 


TEXT-FIG.  19.  Amphicytherura  iniqua  sp.  nov.  a,  Holotype,  SDSC  44,  internal  view  of  adult  left  valve. 
b,  d,  Paratype,  USNM  131802;  b,  external  view  of  left  valve  of  entire  adult;  d,  dorsal  view  showing 
unequal  valves,  c,  Paratype,  SDSC  45,  dorsal  hinge  view  of  adult  female  right  valve,  e,  f,  Paratype, 
SDSC  46 ; e,  external  view  of  right  valve  of  adult  entire  male  carapace ; /,  dorsal  view  of  entire  carapace. 
g,  Paratype,  SDSC  47,  internal  view  of  adult  male  right  valve,  mandibular  scars  black. 


Diagnosis.  A highly  dimorphic  Amphicytherura  with  pronounced  postero-dorsal 
swelling  in  right  valve,  medially  interrupted  centro-lateral  ridge  upturning  abruptly 
near  anterior  margin ; carapace  small. 

Description.  Female  carapace  wedge-shaped  in  profile:  dorsal  margin  straight  to  slightly 
concave  upward ; ventral  margin  dominated  by  massive,  discontinuous  ridge  extending 
around  posterior  up  to  broad  dorsal  ridge;  median  ridge  usually  discontinuous  in 
middle  of  shell  owing  to  development  of  inconspicuous  sulcus,  but  well-developed 
anteriorly  where  it  turns  up  about  45°  beneath  low  eye  tubercle;  posterior  caudal-like 
process  laterally  compressed.  Valves  unequal:  right  valve  with  knob-like  outward 
extension  of  posterior  portion  of  dorsal  ridge,  left  valve  overlapping  right  valve  at 
sockets  and  inturned  portion  on  venter ; ocular  sinuses  large,  eye  tubercles  broad.  Male 
carapace  much  lower  in  height ; considerably  less  ornamented  in  lateral  regions,  median 
ridge  completely  lacking  except  toward  far  anterior;  dorsal  ridge  more  pronounced; 
carapace  laterally  compressed. 
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Hinge  schizodont:  anterior  tooth  bifid,  bar  of  left  valve  coarsely  crenulate  with 
anterior  bifid  tooth,  posterior  tooth  of  right  valve  notched  forming  four  or  five  smaller 
teeth,  dentition  somewhat  weaker  in  males. 

Small  confined  anterior  vestibule  present  with  several  large  radial  pore  canals  emana- 
ting from  it;  thin  bifurcating  radial  pore  canals  also  present.  Normal  pores  large  but 
sparse.  Adductor  muscle  scars  four  in  row  on  edge  of  slight  ridge,  top  scar  situated  just 
anterior  and  dorsal  to  next  lowest  scar;  two  mandibular  scars  just  ventral  to  top 
adductor  scar;  two  oval  antennal  scars  located  directly  dorsal  to  adductor  scars. 


Dimensions  (in  mm.). 

Holotype,  SDSC  44  (left  valve  $)  . 

Paratype,  SDSC  45  (right  valve  $)  . 
Paratype,  USNM  131802  (entire  $) 
Paratype,  SDSC  46  (entire  (^) 
Paratype,  SDSC  47  (right  valve  d)  • 
Paratype,  SDSC  47  (left  valve  <S) 


Length 

Height 

Width 

0-40 

0-25 

013 

0-39 

0-22 

012 

0-41 

0-24 

0-21 

0-40 

0-21 

015 

0-37 

018 

009 

0-38 

019 

007 

Discussion.  Penultimate  instars  have  the  same  proportions  and  diagnostic  features  as 
adults,  save  for  a well-developed  antimerodont  hinge.  Both  male  and  female  pre-adult 
instars  found. 

The  female  of  this  species  is  very  similar  in  many  external  respects  to  A.  limburgensis 
Howe  and  Laurencich  1958,  from  the  Maestrichtian  of  South  Limburg,  Netherlands. 
It  differs  in  having  its  greatest  height  at  the  far  anterior  end,  typically  shows  an  external 
sulcus,  and  has  a well-developed  schizodont  hinge. 


Genus  paijenborchella  Kingma  1948 
Paijenborchella  pseudotrigona  sp.  nov. 
Text-fig.  20fl-/ 


Diagnosis.  A Paijenborchella  with  stout  subquadrate  carapace;  three  narrow  ridges  in 
ventral  area,  one  medially  and  one  short  ridge  dorsally  on  posterior  lobe. 

Description.  Carapace  stout,  subquadrate  in  profile  and  dorsal  view;  caudal  process 
loeated  slightly  below  middle,  surface  ornamented  with  deep,  variously  sized  pits,  and 
sharp  narrow  ridges.  Three  longitudinal  ridges  lie  in  the  ventral  area,  an  additional  one 
medially,  and  a fifth  dorsally  on  posterior  lobe.  Left  valve  higher  than  right  valve, 
with  narrow  dorsal  ridge  connected  to  eye  tubercle;  left  valve  overlapping  right  valve 
in  cardinal  areas  and  mid-ventrally;  carapace  divided  by  deep  vertical  sulcus;  eye 
tubercles  with  an  oblique  short  ridge  pointing  antero-ventrally. 

Hinge  schizodont;  anterior  element  of  right  valve  sometimes  more  than  once  divided; 
posterior  tooth  trilobed;  left  valve  with  crenulate  bar  and  projecting,  narrow,  bifid 
anterior  tooth. 

Muscle  scar  pattern  of  four  adductors  in  row  on  side  of  median  ridge  with  two 
mandibular  scars  medially  and  anterior  to  them;  two  antennal  scars  low  in  antero- 
ventral  area.  No  vestibules  present;  radial  pore  canals  sparse, 

E e 


C 2242 
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TEXT-FIG.  20.  Paijenborchella  pseiidotrigona  sp.  nov.  a,  b,  Holotype,  SDSC  48 ; a,  external 
view  of  right  valve  showing  overlap  by  left  valve;  b,  dorsal  view  of  entire  carapace,  c, /, 
Paratype,  USNM  131803;  c,  dorsal  hinge  view  of  adult  left  valve;  /,  internal  view, 
mandibular  scars  in  black.  <■/,  Paratype,  SDSC  49,  dorsal  hinge  view  of  adult  right  valve. 
e,  Paratype,  SDSC  50,  internal  hinge  of  adult  right  valve. 


Dimensions  (in  mm.). 

Length 

Height 

Width 

Holotvpe,  SDSC  48  (entire  $?) 

0-50 

0-30 

0-25 

USNM  131803  (left  valve  ??)  . 

0-50 

0-30 

015 

Paratype,  SDSC  49  (right  valve  ??) 

0-47 

0-25 

013 

Paratype,  SDSC  50  (right  valve  ??) 

0-49 

0-29 

014 

Discussion.  This  is  the  second  recorded  species  of  Paijenborchella  collected  from 
Cretaceous  rocks.  The  other,  P.  marssoni  Treibel  1949,  from  the  Senonian  of  Rtigen, 
Germany,  differs  from  this  species  in  having  a longer  caudal  process,  poorly  developed 
median  ridge,  no  short  dorsal  ridge,  smooth  carapace,  and  an  elongate  posterior  tooth. 

P.  trigona  Marianos  and  Valentine  1958,  from  the  Eocene  of  Marysville  Buttes, 
California,  closely  resembles  this  species  in  robust  shape,  ornamentation,  placement  of 
the  lateral  ridges,  and  marked  dimorphism.  Here,  as  in  Marianos  and  Valentine’s  work, 
the  much  more  abundant  short  form  is  illustrated  (text-fig.  20). 


Family  trachyleberididae  Sylvester-Bradley  1948 
Genus  trachyleberis  Brady  1898 

Trachyleberis  acuminata  sp.  nov. 

Text-fig.  2\a-e 

Diagnosis.  A Trachyleberis  with  acuminate  carapace;  ornamentation  of  dense  reticula- 
tions and  spines;  ventrally  notched  posterior  tooth  in  right  valve. 

Description.  Ventral  and  dorsal  margins  straight,  tapering  posteriorly  giving  carapace 
pronounced  wedge  shape;  left  valve  overlapping  right  at  antero-dorsal  angle  and  in 
ventral  inturned  area;  otherwise,  valves  equal;  eye  tubercle  glassy,  conspicuous;  com- 
bination of  reticulation  and  spines  gives  sugary  texture. 
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Dentition  holamphidont:  right  valve  with  narrow  stepped  projecting  anterior  tooth 
with  postjacent  socket  and  crenulate  groove;  posterior  terminal  tooth  blunt,  ventrally 
notched ; left  valve  with  complementary  dentition  including  small  knob  beneath  posterior 
socket  to  accommodate  notched  tooth  of  right  valve. 

Radial  pore  canals  numerous,  commonly  with  small  median  enlargements.  Adductor 
muscle  scar  pattern  on  edge  of  internal  pit,  lowermost  scar  separated  from  other  three ; 
anterior  heart-shaped  antennal  scar  deep  within  pit.  Dimorphism  reflected  in  longer 
male  carapaces. 


TEXT-FIG.  21.  Trachyleberis  acuminata  sp.  nov.  a,  Holotype,  SDSC  51,  external  view  of 
male  left  valve,  b,  Paratype,  SDSC  52,  external  view  of  female  left  valve,  c,  d,  Paratype, 
SDSC  53;  c,  internal  view  of  female  right  valve;  d,  dorsal  hinge  view,  e,  Paratype, 
USNM  131806,  dorsal  view  of  entire  male  carapace. 


Dimensions  (in  mm.). 

Length 

Height 

Width 

//o/o/vpe,  SDSC  51  (left  valve  c?)  . 

. 0-88 

0-43 

018 

Paratype,  SDSC  52  (left  valve  $)  . 

0-75 

0-41 

019 

Paratype,  SDSC  53  (right  valve  $)  . 

0-78 

0-38 

0-20 

USNM  131806  (entire  (?) 

0-88 

0-44 

0-34 

Discussion.  The  genus  Trachyleberis  has  not  previously  been  reported  from  rocks  earlier 
than  Lower  Tertiary.  In  its  pronounced  wedge  shape  and  pointed  posterior  the  species 
differs  markedly  from  the  majority  of  other  Cretaceous  and  Eocene  trachyleberids. 
One  might  expect  to  find  related  forms  in  the  Eocene  of  the  West  Coast  of  North 
America;  but  the  four  species  of  Trachyleberis  described  by  Marianos  and  Valentine 
(1958)  from  the  Eocene  of  Marysville  Buttes,  California,  although  spinose  and  reticulate, 
are  all  more  quadrate  in  outline  and  more  rounded  posteriorly. 
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T.  washbiinii  (Stephenson  1946)  (Blake  1950,  pp.  180-1)  resembles  the  new  species  in 
ornamentation  and  shape  except  for  its  more  parallel  ventral  and  dorsal  margins,  and 
resulting  blunter  posterior.  The  ventral  margin  of  T.  acuminata  sp.  nov.  is  continuous 
in  both  sexes  and  does  not  turn  up  abruptly  towards  the  posterior  as  in  T.  wasliburni. 

In  shape,  ornamentation,  and  dimorphic  characteristics,  this  species  is  in  many  ways  | 
comparable  to  the  type  species  of  the  genus,  T.  scabrocuneata  (G.  S.  Brady  1880).  * 

Genus  actinocythereis  Puri  1953 

Actinocythereis  allisoni  sp.  nov. 

Text-fig.  22a-d  | 

Diagnosis.  An  Actinocythereis  characterized  by  ornamentation  of  four  rows  of  large 
spines  with  blade-like  terminations  on  a smooth  surface;  acuminate  posterior.  | 


TEXT- FIG.  22.  Actinocythereis  allisoni  sp.  nov.  a,  Holotype,  SDSC  54,  exterior  view  of  right 
valve  of  entire  female  carapace  showing  overreach  of  left  valve,  b,  Paratype,  SDSC  55, 
internal  view  of  female  left  valve,  c,  Paratype,  USNM  131804,  dorsal  view  of  entire  female 
carapace,  d,  Paratype,  USNM  131805,  dorsal  hinge  view  of  female  right  valve. 

Description.  Carapace  wedge-shaped:  anterior  margin  broadly  rounded;  dorsal  margin 
straight  to  slightly  concave ; ventral  margin  straight  in  males,  convex  in  females ; posterior 
usually  sharply  acuminate ; surface  smooth  with  the  exception  of  spines  with  blade-like 
terminations  arranged  in  four  longitudinal  rows : dorsal  row  with  three,  often  recurving 
spines,  median  row  with  four  spines,  the  most  anterior  terminating  as  sub-central 
tubercle  spine ; two  ventral  rows  contain,  from  dorsal  to  ventral,  three  and  four  spines 
respectively;  other  prominent  spines  are  often  located  in  front  of  and  below  the  sub- 
central tubercle.  Eye  tubercle  glassy,  prominent;  surmounted  by  a short  vertical  flange, 
and  with  another  larger  oblique  flange  to  anterior  margin.  Sexually  dimorphic:  males 
longer. 


J.  C.  HOLDEN:  CALIFORNIAN  CRETACEOUS  OSTRACODS 


419 


Hinge  holamphidont:  anterior  tooth  of  right  valve  inconspicuously  stepped  and 
strongly  projecting;  in  dorsal  view,  median  bar  of  left  valve  finely  crenulate,  posterior 
socket  underlain  by  small  knob  for  notched  terminal  element  of  right  valve. 

Adductor  muscle  scar  pattern  a row  of  four  scars  on  side  of  sub-central  depression, 
topmost  scar  somewhat  displaced;  V-shaped  antennal  scar  within  pit.  No  vestibules 
present;  irregular  radial  pore  canals  abundant,  paired,  often  medially  enlarged. 


Dimethsions  (in  mm.). 

Length 

Height 

Width 

Holotype,  SDSC  54  (entire  $)  ... 

0-80 

0-38 

0-34 

Paratype,  SDSC  55  (left  valve  ?)  . 

0-78 

0-40 

017 

jPara/v/Je,  USNM  131804  (entire  ?) 

0-78 

0-38 

0-30 

Paratype,  USNM  131805  (right  valve  $)  . 

0-90 

0-39 

016 

Discussion.  This  species  resembles  Trachyleheris  acuminata  sp.  nov.  in  every  respect 
except  in  ornamentation.  Undoubtedly  these  species  are  closely  related,  but  no  explana- 
tion can  be  offered  why  both  occur  together  abundantly. 

Actinocythereis  davidwhitei  (Stadnichenko  1927),  from  the  Lower  and  Middle  Eocene 
of  North  Carolina  and  the  Middle  Eocene  of  Texas  (Swain  1951,  pp.  33,  34),  is  similar 
to  the  Actinocythereis  from  the  Upper  Cretaceous  of  Carlsbad.  Some  consistent 
differences  are  present.  The  dorsal  row  of  spines  consists  of  only  four  spines,  not  five  as 
in  A.  davidwhitei the  spines  are  wide  and  extremely  complex,  the  carapace  is  enlarged  at 
their  bases;  the  ventral  row  of  spines  is  doubled.  Blake  (1950,  p.  180)  equates  A.  david- 
whitei to  A.  gibsonensis  (Howe  and  Chambers  1935),  to  which  the  above  differences 
still  apply. 


Genus  cythereis  Jones  1849 
Cythereis  brooksi  sp.  nov. 

Text-fig.  23a-^/ 

Diagnosis.  A Cythereis  with  laterally  compressed  carapace,  much  divided  antennal 
and  adductor  muscle  scars,  obliquely  furrowed  anterior  element  in  right  valve,  and 
massive  duplicature  area. 

Description.  Carapace  wedge-shaped;  dorsal  margin  straight,  ventral  margin  straight 
in  females,  concave  in  longer  males  giving  antero-ventral  area  a characteristic  sag; 
anterior  margin  smooth,  a few  subtle  knobs  on  antero-ventral  part;  from  dorsal  view 
two  anterior  marginal  ridges  present  an  outer  thicker  ridge,  and  a straight  inner  narrow 
ridge;  glassy  deeply  set  eye  tubercles  present;  exterior  sculptured  with  low  continuous 
ridge  beginning  in  postero-ventral  area,  continuing  around  anterior  margin,  along 
dorsum  (including  eye  tubercle),  curving  sharply  at  postero-dorsal  area  just  above  its 
starting  point  and  terminating  with  broad  sub-central  tubercle;  small  dense  pits  cover 
areas  between  ridges. 

Hinge  paramphidont : anterior  element  of  right  valve  large,  divided  diagonally  into 
four  narrow  ridges,  the  anterior-most  one  short,  giving  element  a stepped  appearance, 
intermediate  socket  and  groove  smooth;  posterior  element  heavy,  elongate,  notched 
ventrally  to  form  four  teeth,  left  valve  with  complementary  dentition ; sockets  notched 
accordingly. 
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Adductor  and  antennal  muscle  scars  much  divided : adductor  scars  with  basic  pattern  of 
four  in  a row,  but  upper  two  split  into  five,  lower  two  fused  into  one ; anteriorly  adjacent 
antennal  scar  V-shaped  with  two  scars  above ; one  mandibular  scar  near  inner  margin  in 
antero-ventral  sector ; other  mandibular  scars  dorsal  to  pit.  Area  of  duplicature  extremely 
heavy;  details  difficult  to  ascertain  due  to  thickness,  even  in  transparent  individuals; 
radial  pore  canals  sparse,  vestibules  lacking;  ocular  sinus  small. 


TEXT-FIG.  23.  Cylhereis  brooksi  sp.  nov.  a,  b,  Holotype,  SDSC  56;  a,  exterior  view  of  female  left  valve; 
b,  internal  view,  c,  Paratype,  SDSC  57,  dorsal  hinge  view  of  female  right  valve,  d,  Paratype,  USNM 
131808,  dorsal  view  of  entire  female  carapace. 


Dimensions  (in  mm.). 

Length 

Height 

Width 

Holotype,  SDSC  56  (left  valve  ?)  . 

0-69 

0-34 

014 

Paratype,  SDSC  57  (right  valve  ?)  . 

0-69 

0-36 

014 

Paratype,  USNM  131808  (entire  $) 

0-67 

0-35 

0-21 

Discussion.  The  paramphidont  hinge  indicates  that  this  species  belongs  to  the  genus 
Cytliereis,  but  the  divided  adductor  muscle  scars  are  atypical  of  that  genus. 

In  shape  and  placement  of  the  lateral  and  marginal  ridges  C.  subgracilis  Morrow, 
from  the  Coniacianf  ?)  of  Kansas,  can  be  compared  with  this  species  though  it  is  more 
quadrate  and  not  as  heavily  pitted.  Perhaps  the  best  comparison  can  be  made  with  C. 
sp.  aff.  C.  fredericksbiirgensis  Alexander,  of  Swain  1951.  Externally  it  appears  very 
similar  to  a male  of  this  species.  C.  fredericksbiirgensis  Alexander,  conversely,  is  too 
inflated. 

The  species  is  named  in  honour  of  Professor  Baylor  Brooks,  San  Diego  State  College,  California. 

Genus  platycosta  gen.  nov. 

Description.  Carapace  laterally  compressed,  subquadrate  in  profile,  slightly  narrowing 
posteriorly;  ornamentation  of  heavy  marginal  ridge  with  tendency  to  be  doubled  (like 
Platycythereis),  extending  from  antero-dorsal  angle  around  ventral  margin  to  postero- 
dorsal  angle,  dorsal  ridge  connecting  posteriorly  with  oblique  lateral  ridge  from  low 
sub-central  tubercle,  and  poorly  developed  ventral  lateral  ridge,  in  some  specimens 
only  a knob;  carapace  reticulate,  valves  unequal  in  antero-dorsal  area,  left  valve  higher 
and  overlapping  right  valve  much  as  in  Idiocy  there;  eye  spots  and  large  ocular  sinuses 
present. 
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Dentition  hemiamphidont  with  holamphidont  tendency,  posterior  tooth  of  right 
valve  trilobed.  Duplicature  moderately  and  evenly  wide,  shallow  posterior  and  anterior 
vestibules  present;  radial  pore  canals  numerous,  with  tendency  to  bifurcate.  Muscle 
scar  pattern  vertical  row  of  four  adductor  scars  and  anterior  V-shaped  antennal  scar. 

Type  species.  Platycosta  oena  gen.  et  sp.  nov. 

Age.  Campanian. 

Discussion.  Similarities  in  shape  and  details  of  the  double  marginal  ridge  strongly 
suggest  a phylogenetic  relationship  to  Platycythereis.  However,  development  of  the 
ventral  lateral  ridge  with  a corresponding  reduction  of  the  marginal  ridge  would  give 
characteristics  like  Costa. 


TEXT-FIG.  24.  Platycosta  oena  gen.  et  sp.  nov.  a-c.  Lost  specimen;  a,  external  view  of  male  left  valve; 
b,  internal  view;  c,  dorsal  view  of  both  valves,  d.  Paratype,  SDSC  60,  dorsal  view  of  female  left  valve. 
e,  f,  Paratype,  SDSC  61;  c,  dorsal  view  of  female  right  valve;  /,  internal  hinge  view,  g,  Holotype, 
SDSC  58,  side  view  of  entire  female  carapace  showing  overreach  by  left  valve. 

Platycosta  oena  gen.  et  sp.  nov. 

Text-fig.  24a-g 

Description.  Carapace  wedge-shaped;  laterally  compressed;  dorsal  margin  straight, 
ventral  margin  straight  to  slightly  concave,  anterior  margin  blunt,  broadly  rounded, 
with  eight  or  nine  well-developed  spines;  left  valve  overlapping  right  valve  in  antero- 
dorsal  area;  exterior  ornamented  with  large  deep  reticulations;  dorsal  ridge  connected 
posteriorly  by  oblique  median  ridge  going  to  low,  broad,  sub-central  tubercle;  poorly 
defined  isolated  ventral  ridge  present  in  males,  a broad  tubercle  in  females;  posterior  and 
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anterior  twin  ridges  continuous  along  ventral,  anterior,  and  posterior  margins;  glassy 
eye  tubercle  present.  Strongly  dimorphic:  males  longer. 

Hinge  essentially  hemiamphidont : anterior  element  of  right  valve  with  extended  tooth ; 
posterior  element  trilobed  with  two  smaller  teeth  beneath  a larger  one ; median  element 
of  left  valve  smooth. 

Adductor  muscle  scar  pattern  of  four  in  a vertical  row  on  side  of  small  deep  pit; 
upturned  V-shaped  antennal  scar  well  within  pit,  anterior  to  adductor  scars;  single 
mandibular  scars  dorsal  and  ventral  to  pit.  Posterior  and  anterior  vestibules  present; 
radial  pore  canals  abundant  with  tendency  to  group  into  twos  and  threes.  Normal  pores 
small,  sparse. 


Dimensions  (in  mm.). 

HoJotype,  SDSC  58  (entire  $) 
Paratype,  SDSC  59  (right  valve  (?)  . 
Para  type,  SDSC  60  (left  valve  $) 
Pciratvpe,  SDSC  61  (right  valve  $)  . 
Paratype,  USNM  131809  (entire  $) 


Length 

Height 

Width 

0-71 

0-38 

0-25 

0-79 

0-35 

015 

0-65 

0-36 

014 

0-67 

0-33 

012 

0-65 

0-32 

0-22 

Genus  idiocythere  Triebel  1958 
Idiocythere  triebeli  sp.  nov. 

Text-fig.  25a-/ 

Diagnosis.  An  Idiocythere  with  narrow  curved  adductor  muscle  scars,  large  posteriorly 
pointing  alae,  and  narrow  vestibules. 

Description.  In  dorsal  view  carapace  wedge-shaped,  laterally  compressed  at  both  ends; 
narrow  at  dorsal  margin  but  widening  ventrally  to  pronounced,  posteriorly  pointing 
alae,  highest  point  near  anterior  margin  in  left  valve;  surface  covered  with  small  closely 
spaced  pits,  poorly  developed  on  ridges;  valves  unequal:  left  valve  longer,  higher, 
overlapping  right  valve  ventrally  at  inturned  area,  at  postero-dorsal  angle  and  antero- 
dorsal  angle  by  tooth-like  projection.  Eye  tubercles  absent;  tubercles  corresponding  to 
tooth  sockets  present  on  both  valves,  especially  well-developed  on  left  valve. 

Hinge  ‘modihed  holamphidont’  (Sylvester-Bradley,  p.  Q339),  i.e.  ‘with  additional 
strongly  projecting  conical-pessular  tooth  in  front . . . (of)  socket’  of  left  valve;  median 
bar  smooth;  anterior  tooth  of  right  valve  massive,  faintly  crenulate. 

Adductor  muscle  scar  complex:  of  two  narrow  posteriorly  opened,  U-shaped  scars 
and  subjacent  divided  scar;  two  antennal  scars  anterior  to  adductor  scar  pattern,  the 
lower  one  bifid;  elongate  mandibular  scars  antero-ventral  to  muscle  scar  pit.  Shallow 
anterior  and  posterior  vestibules  present.  Radial  pore  canals  fairly  abundant,  irregular, 
tending  to  bifurcate  within  marginal  spines.  Normal  pores  small,  not  abundant;  five 
or  six  aligned  and  corresponding  to  edge  of  alae. 


Dimensions  (in  mm.). 

Length 

Height 

Width 

Holotype,  SDSC  62  (left  valve  <?)... 

0-77 

0-40 

0-25 

Paratvpe,  SDSC  63  (entire  $)  ... 

0-72 

0-38 

0-38 

Paran/)£>,  USNM  131807  (left  valve  ?)  . 

0-71 

0-25 

0-24 

Paratype,  USNM  131807  (right  valve  $)  . 

0-70 

0-38 

0-22 
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Discussion.  I.  trieheli  sp.  nov.  is  very  similar  to  the  type  species,  /.  lutetiana  Triebel 
1940,  from  the  Eocene  (Lutetian)  of  France;  however,  the  Californian  species  is  more 
widely  alate,  is  ornamented  with  more  equal  sized  pits,  has  a blunter  anterior  margin, 
and  has  simple  radial  pore  canals,  not  arranged  in  fan-shaped  groups. 


TEXT-FIG.  25.  Idiocythere  triebeli  sp.  nov.  a,  b,  Holotype,  SDSC  62;  a,  external  view  of  male  left  valve; 
b,  internal  view  of  left  valve,  c,  Paratype,  SDSC  63,  dorsal  view  of  entire  female  carapace,  d-f,  Paratype, 
USNM  131807;  d,  internal  hinge  view  of  female  right  valve;  e,  dorsal  hinge  view  of  left  valve;/,  dorsal 

hinge  view  of  right  valve. 

Cythereis  kewi  Le  Roy  1943,  from  the  Santa  Barbara  Formation  of  California, 
though  not  an  Idiocythere  owing  to  the  presence  of  eye  spots  and  ocular  sinuses, 
markedly  resembles  that  genus  in  many  respects. 

Genus  isocythereis  Triebel  1940 
Isocythereis  carlsbadensis  sp.  nov. 

Text-fig.  26a-h 


Diagnosis.  An  Isocythereis  with  finely  denticulate  anterior  margin,  strong  overlap  of 
left  valve  in  antero-dorsal  area,  narrow  duplicature  with  abundant  radial  pore  canals 
and  pronounced  wedge-shaped  carapace. 

Deseription.  Carapace  wedge-shaped  in  profile;  dorsal  margin  straight  (in  left  valves) 
to  slightly  convex  (in  right  valves),  ventral  margin  concave.  Carapace  ornamented  with 
sub-parallel  longitudinal  ridges : middle  ridge  bifurcating  at  well-developed  sub-centric 
tubercle,  with  one  ridge  extending  to  low,  well-developed  eye  tubercle,  other  extending 
almost  to  anterior  margin;  irregular  dorsal  and  ventral  ridges  present;  various  sized 
reticulations,  horizontal  and  vertical  ridges  present;  anterior  margin  heavily  rimmed, 
finely  denticulate.  Sexually  dimorphic:  females  broader  and  longer  than  males. 
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Adductor  muscle  scars  divided  into  six  or  seven  smaller  scars  within  deep  pit,  lower 
scars  elongate  and  parallel;  antennal  scar  shaped  like  reversed  S,  conspicuous  man- 
dibular scars  above  it.  Area  of  duplicature  moderate  in  width;  no  vestibules  present; 
radial  pore  canals  abundant,  single,  straight,  each  with  medial  enlargements;  normal 
pores  small,  abundant. 

Dentition  paramphidont,  heavy:  median  element  crenulate,  anterior  tooth  of  right 
valve  elongate,  stepped. 


TEXT-FIG.  26.  Isocythereis  carlsbadensis  sp.  nov.  a-c,  Holotype,  SDSC  64;  a,  external  view  of  adult 
female  right  valve  showing  overreach  by  left  valve;  b,  dorsal  view  of  entire  carapace;  c,  ventral  view 
of  entire  carapace.  d~f,  Paratype,  SDSC  65;  r/,  dorsal  view  of  female  left  valve;  e,  dorsal  view  of  right 
valve;/,  internal  view  of  left  valve,  g,  h,  Paratype,  USNM  131810;  g,  dorsal  view  of  entire  male  cara- 
pace; //,  external  view  of  right  valve  showing  overreach  by  left  valve. 


Dimensions  (in  mm.). 

Length 

Height 

Width 

Holotype,  SDSC  64  (entire  ?)  ... 

0-47 

0-26 

0-24 

Paratype,  SDSC  65  (right  valve  ?)  . 

0-47 

0-24 

014 

Paratype,  SDSC  66  (left  valve  $)  . 

0-48 

0-26 

015 

Paratv/jc,  USNM  131810  (entire  (?) 

0-43 

0-24 

015 

Discussion.  This  species  is  placed  in  the  genus  Isocythereis  on  the  basis  of  the  divided 
adductor  muscle  scars,  small  size,  and  general  ornamentation.  The  genus  previously 
contained  only  two  species,  both  Albian  in  age,  from  wells  in  Germany.  The  type 
species,  I.  fissicostis  Triebel  1940,  possessing  a reticulate  carapace  with  three  well-defined 
lateral  ridges,  and  sub-marginal  eyespot,  is  more  like  /.  carlsbadensis  sp.  nov.  than 
I.  fortinoides  TnthtX  1940. 

I.  carlsbadensis  sp.  nov.  varies  from  the  generic  description  in  that  the  area  of  dupli- 
cature is  not  wide,  the  radial  pore  canals  are  abundant,  not  scarce,  and  the  hingement 
is  paramphidont,  not  hemiamphidont,  though  it  is  tending  to  be  hemiamphidont  (see 
text-fig.  26e).  It  is  possible  that  this  species  represents  a new  genus  which  should  belong 
in  the  family  Hemicytheridae. 


J.  C.  HOLDEN:  CALIFORNIAN  CRETACEOUS  OSTRACODS 


425 


Family  xestoleberididae  Sars  1928 
Genus  xestoleberis  Sars  1866 

Xestoleberis  minuta  sp.  nov. 

Text-fig.  21a-e 

Diagnosis.  A Xestoleberis  with  a sharply  pointed,  ventrally  located  anterior  margin; 
long,  oblique,  antero-dorsal  margin;  and  long,  straight  ventral  margin. 


TEXT-FIG.  27.  Xestoleberis  minnta  sp.  nov.  n-c,  Holotype,  SDSC  67;  a,  dorsal  hinge  view  of  left  valve; 
b,  dorsal  hinge  view  of  right  valve;  c,  internal  view  of  left  valve,  d-e,  Paratype,  USNM  131811;  d, 
external  view  of  left  valve;  e,  dorsal  view  of  entire  carapace. 


Description.  Carapace  smooth,  fragile:  shape  much  like  type  species;  highest  point  just 
posterior  to  middle;  widest  point  also  just  posterior  to  middle;  ventral  margin  straight, 
dorsal  margin,  as  seen  in  profile,  broadly  arched,  angled  at  highest  spot;  acuminate 
anterior  margin  located  in  antero-ventral  area.  In  dorsal  view  carapace  sub-evenly 
inflated:  posterior  rounded,  anterior  more  pointed;  carapace  about  as  high  as  wide; 
not  dimorphic. 

Hinge  antimerodont:  right  valve  with  elongate  terminal  cusps,  posterior  element 
with  about  six  crenulations,  anterior  element  finely  crenulate,  intermediate  element 
finely  crenulate,  arcuate.  Anterior  vestibule  present;  fused  portion  of  duplicature 
narrow,  everywhere  with  many  radial  pore  canals;  normal  pores  large,  more  abundant 
ventrally  where  they  tend  to  form  in  rows. 

Adductor  muscle  scar  pattern  composed  of  inclined  row  of  four  rectangular  scars; 
V-shaped  antennal  scar  just  anterior  to  top  two  adductor  scars;  complex  of  many  small 
mandibular  scars  in  dorsal  area. 


Dimensions  (in  mm.). 

Holotype,  SDSC  67  (left  valve) 
Holotype,  SDSC  67  (right  valve) 
Paratype,  USNM  131811  (entire) 
Paratype,  SDSC  68  (entire) 
Paratype,  SDSC  69  (entire) 
Paratype,  SDSC  70  (right  valve) 
Paratype,  SDSC  71  (right  valve) 
Paratype,  SDSC  72  (entire) 


Length 

Height 

Width 

0-39 

0-24 

Oil 

0-40 

0-22 

Oil 

0-37 

0-21 

0-21 

0-36 

0-21 

0-21 

0-37 

0-21 

0-21 

0-37 

0-22 

on 

0-37 

0-22 

012 

0-38 

0-22 

0-22 
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Discussion.  The  Rosario  Formation  species  is  closely  similar  to  X.  marssoni  Bonnema 
1941  except  that  the  posterior  regions  are  higher  in  profile.  Also,  X.  miniita  sp.  nov.  is 
apparently  not  dimorphic  and  is  very  small. 

Sexual  dimorphism,  common  in  the  genus,  was  not  observed  in  any  of  the  twenty-three 
specimens  from  Carlsbad. 

Unidentified  ostracod 


Text-fig.  28  a~e 


Description.  Shape  distinctive;  dorsal  and  ventral  margins  straight,  converging  slightly 
towards  posterior,  anterior  margin  obliquely  truncated  in  antero-dorsal  area,  posterior 
margin  broadly  rounded  but  sharply  angled  in  postero-ventral  area;  ventral  regions 


TEXT-FIG.  28.  Unidentified  ostracod.  a,  SDSC  42,  dorsal  view  of  entire  adult,  b,  SDSC  43,  dorsal  hinge 
view  of  adult  left  valve,  c-e,  USNM  131801 ; c,  dorsal  hinge  view  of  adult  right  valve  ; r/,  internal  view 
showing  grouped  normal  pores;  e,  external  view. 


moderately  inflated,  shallow  median  sulcus  present.  Equivalved;  right  valve  ineon- 
spicuously  overlapping  median  element  of  left  valve  along  dorsum.  Surface  ornamen- 
tation dominated  by  about  fifteen  to  twenty  narrow  vertical  ridges  in  dorsal  area, 
curving  around  ends  of  the  shell  in  concentric  pattern  forming  sub-horizontal  parallel 
ridges  in  ventral  area;  subordinate  reticulations  best  developed  in  posterior  regions. 

Hinge  antimerodont;  terminal  elements  of  right  valve  composed  of  three  or  four 
tightly  grouped  smaller  teeth ; median  bar  of  left  valve  long,  straight,  very  finely  crenu- 
late,  running  almost  entire  length  of  dorsum. 

Adductor  muscle  scar  pattern  of  four  small  equal-sized  scars  on  median  ridge;  two 
small  antennal  scars  anterior  to  uppermost  adductor  scar,  narrow  anterior  and  posterior 
vestibules  present;  area  of  duplicature  moderately  wide  with  very  few,  straight  simple 
radial  pore  canals;  normal  pores  tiny,  very  dense,  grouped  within  depressions  of 
reticulations,  ridges  imperforate. 


Dimensions  (in  mm.). 

Length 

Height 

Width 

SDSC  42  (entire  mi  - 

0-39 

019 

018  + 

suse  43  (left  valve  3)  ■ 

0-41 

0-20 

008 

USNM  131801  (right  valve  $) 

0-39 

019 

010 

Discussion.  The  ornamentation  consisting  of  ridges  is  much  like  that  in  Prognocythere 
heiroglyphica  Swain  and  Peterson  from  the  Upper  Jurassic  of  South  Dakota,  as  is  the 
shape  in  both  dorsal  and  lateral  views.  The  ridges  on  this  species,  however,  are  more 
pronounced. 
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CORRELATION  OF  THE  CANADIAN  MIDDLE 
DEVONIAN  HUME  AND  NAHANNI  FORMATIONS 

BY  TETRACORALS 

by  A.  E.  H.  PEDDER 


Abstract.  Dendrostella  trigemme  (Quenstedt),  GrypophyUum  graciliseptatum  sp.  nov.,  Utaratuia  laevigata 
Crickmay,  Sociophylliim  glomenilatum  (Crickmay),  and  Radiastraea  verrilli  (Meek)  are  shown  to  be  common 
to  the  Hume  and  Nahanni  Formations.  In  addition  TaimyrophyUum,  a senior  synonym  of  Eddastraea,  is  recog- 
nized for  the  first  time  in  North  America,  T.  triadoriim  sp.  nov.  is  described  from  the  Hume  Formation,  and  a 
closely  related  species  T.  vescibalteatum  sp.  nov.  from  the  Nahanni  Formation. 

GrypophyUum  gracile  (McCoy),  from  the  Middle  Devonian  of  Devon,  is  redescribed  and  a lectotype  chosen. 

In  some  far  northern  regions  there  are  indications  that  the  lowest  part  of  the  Hume  Formation  may  be  Eifelian 
and  in  the  upper  Root  River  area  there  is  evidence  that  the  very  uppeimost  Nahanni  Formation  is  Middle 
Givetian.  Elsewhere,  however,  the  Hume,  Nahanni  and  Headless  Formations  are  believed  to  be  essentially 
correlatives  and  early  Givetian  in  the  Belgian  usage  of  the  stage. 

Two  works  (Warren  and  Stelck  1962;  McLaren  1962)  have  recently  appeared,  almost 
simultaneously,  containing  correlations  and  stage  assignments  of  the  Hume,  Headless, 
and  Nahanni  Formations  of  north-western  Canada.  Copies  of  these  were  received  by 
the  writer  after  he  had  completed  his  part  of  yet  another  work  (House  and  Pedder  1963) 
touching  on  the  correlation  of  these  same  formations.  Since  Warren  and  Stelck’s  views 
differ  considerably,  and  McLaren’s  slightly,  from  the  author’s,  further  evidence  and 
considerations  which  have  helped  shape  his  opinions  are  now  published. 

The  Eifelian  and  Givetian  Stages.  Although  European  geologists  recognize  two  stages 
in  the  Middle  Devonian,  there  are  differences  of  opinion  as  to  where  the  division  should 
be  made  and  also  on  the  appropriate  name  for  the  earlier  stage  (Lecompte  1955). 
Throughout  most  of  the  first  half  of  this  century  the  Middle  Devonian  in  Belgium  was 
divided  into  the  Couvinian  and  Givetian.  During  the  same  period  in  Germany,  however, 
it  was  more  frequently  divided  into  lower,  middle,  and  upper  divisions.  Gignoux  (1950, 
p.  141,  fig.  27)  and  a few  others  before  him,  carried  the  term  Givetian  into  the  Rhineland 
and  drew  the  base  of  the  stage  at,  or  near,  the  base  of  the  middle  Middle  Devonian  of 
the  earlier  German  classification.  This  resulted  in  the  Givetian  in  Belgium  and  Germany 
being  about  coeval  and  also  in  the  virtual  correspondence  between  the  range  of  the 
stage  and  that  of  the  one  fossil  which  overseas  workers  had  long  regarded  as  being  en- 
tirely characteristic  and  indeed  diagnostic  of  it,  namely  Stringocephalus. 

The  Eifelian-Givetian  boundary  was  taken  to  occur  at  this  level  in  the  author’s 
previously  published  correlation  chart  (House  and  Pedder  1963,  text-fig.  2).  With 
reference  to  the  Blankenheimer  and  Hillesheimer  sequences  of  the  Rhineland  this  is 
approximately  at  the  base  of  the  Freilinger  Schichten  (Ochs  and  Wolfart  1961,  p.  68). 
Contrarily  the  recent  trend  in  Germany  has  been  to  elevate  the  lower  Givetian  boundary 
to  the  base  of  the  Loogher  Schichten  of  the  Hillesheimer  sequence.  This,  of  course, 
validates  Warren  and  Stelck’s  (1962,  p.  273)  statement  that  ‘it  has  long  been  known  that 
Stringocephalus  sensu  lato  appears  first  in  the  Eifelian’,  but  the  statement  is  true  only 
provided  the  high  placement  of  the  stage’s  upper  limit  is  maintained.  McLaren  (1962, 

[Palaeontology,  Vol.  7,  Part  3,  1964,  pp.  430-51,  pis.  62-73.] 
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p.  12)  referred  to  Schmidt  (1960)  and  stated  that  Stringocephahis  occurs  only  in  the 
middle  and  upper  Givetian  in  Germany.  However,  Schmidt  was  considering  only 
the  hercynischen  Facies,  and  Stringocephahis  has  been  reported  in  early  Givetian  beds  of 
the  rheinischen  Facies  by  a number  of  workers. 

The  writer  has  not  found  Stringocephahis  associated  with  the  coral  faunas  described 
in  this  paper,  but  has  been  shown  collections  from  the  Nahanni  equivalent  in  north- 
eastern British  Columbia,  which  included  DendrosteUa  trigemnie  and  Stringocephahis. 
Furthermore,  Warren  and  Stelck  (1962)  report  the  presence  of  Stringocephahis  in  the 
Hume  Formation,  and  McLaren  (1962)  records  its  presence  in  the  Pine  Point  Formation, 
a correlative  of  the  Hume,  Headless,  and  Nahanni  Formations.  There  are  thus  several 
reasons  for  believing  that  the  age  of  the  coral  faunas  is  approximately  the  same  as  the 
earliest  occurrences  of  Stringocephahis  in  western  Canada. 

The  relationships  of  the  Hume  and  Nahanni  faunas  to  others.  The  corals  under  consi- 
deration are  part  of  a fauna  that  invariably  underlies  beds  containing  Leiorhynchus 
castanea  (Meek).  Over  most  of  the  region  drained  by  the  Mackenzie  and  Anderson 
Rivers  the  corals  range  to  the  top  of  the  Hume  Formation,  and  L.  castanea  occurs  in 
beds  immediately  above  this  formation.  However,  on  Root  River  the  corals  occur 
throughout  most  of  the  Nahanni  Formation,  but  are  absent  in  its  very  highest  beds, 
which  contain  abundant  L.  castanea.  For  this  reason  the  upper  limit  of  the  Nahanni 
Formation,  in  at  least  some  localities,  is  believed  to  be  just  younger  than  that  of  the 
Hume  Formation.  Most  Canadian  workers  (Warren  and  Stelck  1962;  McLaren  1962; 
House  and  Redder  1963)  now  agree  that  these  earliest  occurrences  of  L.  castanea  in 
western  Canada  are  at  about  the  middle  of  the  Givetian.  This  is  supported  by  a goniatite 
suite  accompanying  one  occurrence  on  Francis  Creek,  near  Norman  Wells.  It  contains 
Agoniatites  sp.  cf.  A.  vanuxenii  (Hall),  Cabrieroceras  karpinskyi  (Holzapfel)  and  Torno- 
ceras  {T.)  sp.  cf.  T.  westfalicum  Holzapfel  (House  and  Redder  1963). 

In  most  areas  the  Hume,  Headless,  and  Nahanni  Formations  are  underlain  by 
unfossiliferous  dolomites.  But  in  some  of  the  western  ranges  of  the  Mackenzie  Moun- 
tains, in  the  extreme  south-western  part  of  the  Northwest  Territories,  these  dolomites 
are  replaced  by  rusty-weathering  argillaceous  limestones  comprising  the  Funeral 
Formation.  The  latter  is  up  to  2,000  feet  thick  and  has  yielded  Agoniatites  sp.  and 
Gyroceratites  (Lanielloceras)  sp.  near  the  base,  and  Anarcestes  (Latanarcestes)  sp.  cf. 
A.  praecursor  Freeh  469  feet  below  the  top  (House  and  Redder  1963).  The  lower  part 
of  the  formation,  therefore,  is  probably  of  early  or  middle  Eifelian  age  and  the  formation 
remains  Eifelian  at  least  to  within  469  feet  of  its  top. 

House  regards  the  goniatite  Teicherticeras  lenzi  as  Emsian  rather  than  Eifelian.  On 
Ogilvie  River  it  occurs  only  296  feet  below  beds  correlated  with  the  Hume  Formation 
by  Lenz.  This,  and  the  fact  that  the  lowest  few  feet  of  the  Hume  Formation  on  Anderson 
River  contain,  in  addition  to  normal  Hume  species,  others  not  known  in  higher  beds, 
suggest  that  in  the  north  the  lowest  Hume  may  represent  a slightly  older  and  presumably 
Eifelian  zone. 

Composition  and  analysis  of  the  tetracoral  faunas.  Table  1 indicates  the  distribution  of 
the  corals  described  in  this  paper.  It  strongly  suggests  that  the  Nahanni,  Headless,  and 
Hume  Formations  are  essentially  the  same  age,  excepting  (as  mentioned  above)  the 
uppermost  beds  of  the  Nahanni. 
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The  Digonophyllidae  are  omitted  since  they  are  the  subject  of  a thesis  by  O.  Miedema, 
which  is  to  be  published.  Despite  the  conflicting  evidence  gleaned  by  most  palaeontologists 
from  this  family,  Miedema  is  firmly  in  favour  of  an  early  Givetian  age  for  the  digono- 
phyllids  of  the  Hume  Formation. 


SPECIES 

FORMATION 

HUME 

HEADLESS 

NAHANNI 

Dendrostella  trigemme 

X 

X 

X 

Taimyrophyllum  triadorum 

X 

T vescibalteatum 

X 

X 

Grypophyllum  graciliseptatum 

X 

X 

Utaratuia  laevigata 

X 

cf 

cf 

Sociophyllum  glomerulatum 

X 

X 

X 

Radiastraea  verrilll 

X 

X 

X 

TABLE  I.  Known  distribution  of  the  tetracorals,  described  in  this  paper,  in  the  Hume, 

Headless,  and  Nahanni  Formations  (Middle  Devonian,  Canada). 

! 

DendrosleUa  occurs  rarely  in  the  Eifelian  of  Germany,  and  probably  also  in  beds  of  ' 
this  age  in  Russia  and  eastern  Australia.  However,  as  a result  of  a surge  in  its  distribution  , 
and  numbers  at  the  start  of  the  Givetian,  the  Givetian  occurrences  greatly  outnumber 
those  of  the  Eifelian.  The  species  D.  trigemme  was  extraordinarily  widely  distributed  in 
Givetian  times  and  its  abundance  in  the  Hume,  Nahanni,  and  Headless  Formations  is 
a strong  indication  of  the  age  of  these  formations. 

Taimyrophylhmi  was  proposed  for  a species  said  to  occur  at  the  base  of  the  Lower 
Devonian  in  south-west  Taimir,  but  just  how  low  this  is  in  the  Lower  Devonian  is  not  j 
known.  Elsewhere  in  the  Soviet  Union  the  genus  has  been  described  from  beds  of  ; 
supposed  Eifelian  age  (Bulvanker  1958;  Spasskiy  1960).  In  Australia  Taimyrophyllum  :: 
occurs  in  the  Loomberah  and  Broken  River  Formations  of  New  South  Wales  and 
Queensland  respectively.  The  Loomberah  Formation  has  yet  to  yield  truly  diagnostic 
fossils,  but  contains  a species  very  close  to  the  European  Givetian  EndophyUum  abditum 
Edwards  and  Haime  (Hill  19426).  The  Broken  River  Formation  is  about  7,000  feet 
thick  (Hill  and  Denmead  1960,  pp.  149,  151)  and  contains  several  faunas.  The  one  with 
Taimyrophyllum  includes  Slringocephalus  as  well  as  many  other  corals,  and  is  evidently 
early  Givetian.  The  age  assigned  to  the  Canadian  species  of  Taimyrophyllum,  therefore, 
is  compatible  with  the  known  range  of  the  genus  elsewhere,  which  is  Lower  Devonian 
to  early  Givetian. 

Although  Grypophyllum  has  been  described  from  Lower  Devonian  and  Eifelian 
deposits,  several  of  the  species  referred  to  it  would  be  better  accommodated  in  Lyrielasma 
or  other  genera,  and  in  fact  species  of  the  G.  graciliseptatum  group  are  far  more  charac- 
teristic of  the  Givetian  than  earlier  stages. 

In  Europe,  Asia,  North  Africa,  and  Australia  the  closely  related  genera  Stringophyllum, 
Neospougophyllum,  and  Sociophyllum  are  predominantly  Givetian.  The  Canadian  S. 
glomerulatum  closely  resembles  S.  elongatum  (Schluter),  which  is  common  in  the 
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Givetian  Loogher  Schichten  and  has  also  been  reported  in  the  slightly  younger  Ermberg 
Schichten  by  Ochs  and  Wolfart  (1961,  p.  46). 

Before  the  range  of  Radiastraea  can  be  regarded  as  established,  research  is  necessary 
on  the  relationship  of  its  type  species  to  others  currently  referred  to  Billingsastraea  and 
even  Phillipsastrea  (e.g.  the  Frasnian  ‘P.’  whittakeri  Smith).  Regardless  of  the  outcome 
of  such  research  the  similarity  between  the  Emsian  R.  aracime  Stumm  and  R.  verrilli 
(Meek)  argues  against  regarding  the  latter  as  Givetian. 

The  previously  given  evidence,  however,  outweighs  that  provided  by  Radiastraea, 
and  the  corals  described  in  this  paper  are  best  regarded  as  being  about  the  age  of  the 
Freilinger  or  Fleringen  Schichten  in  the  German  Blankenheimer  Mulde  sequence. 
This  is  about  the  same  age  as  Kayser’s  (1871)  Crinoiden  Schichten,  or  the  base  of  the 
middle  Middle  Devonian. 

Summary.  The  Flume,  Headless,  and  Nahanni  Formations  have  sufficient  tetracorals  in 
common  to  justify  their  correlation,  at  least  in  part.  Siringocephahis  occurs  with  one 
of  the  corals  in  north-eastern  British  Columbia  and  is  reported  in  the  Hume  as  well  as 
in  the  correlative  Pine  Point  Formation.  It  probably  hrst  occurs  in  Canada  and  Germany 
at  about  the  same  time. 

Analysed  in  the  absence  of  other  considerations  the  corals  appear  to  be  approximately 
the  same  age  as  the  base  of  the  German  middle  Middle  Devonian,  or  Freilinger  Schichten. 
The  corals  are  overlain  by  a middle  Givetian  ammonoid  fauna  in  one  region  and  in 
another  overlie  469  feet  of  undated  beds,  which  in  turn  overlie  at  least  1,000  feet  of 
beds  containing  Eifelian  ammonoids. 

It  is  possible  that  in  the  north  the  lowest  part  of  the  Hume  Formation  is  Eifelian. 
Otherwise  it  is  concluded  that  the  Hume,  Headless,  and  the  major  part  of  the  Nahanni 
Formations  are  about  the  same  age  as  the  base  of  the  middle  Middle  Devonian.  This 
is  early  Givetian  in  the  Belgian  concept  of  the  stage. 
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The  following  abbreviations  are  used  for  the  names  of  collections  containing  type  specimens  to 
which  reference  is  made: 

BM  British  Museum  (Natural  History),  London. 

COM  Central  Geological  Museum,  Leningrad. 

Gsc  Geological  Survey  of  Canada,  Ottawa. 

SM  Sedgwick  Museum,  Cambridge. 

TOOL  Triad  Oil  Co.  Ltd.,  Calgary. 

USNM  United  States  National  Museum,  Washington. 

The  Northwest  Territories  are  also  abbreviated  to  NWT. 
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Family  stauriidae  Edwards  and  Haime,  sensu  lato  j 

Genus  dendrostella  Glinski  1957  ■ 

Type  species  {original  designation).  Cyathophylliim  rhenanum  Freeh  1886,  p.  207  (93),  pi.  15  (3),  figs.  19, 
\9a.  Biicheler  Schichten,  ‘Schichten  mil  Uncites  gryphiis'  of  Meyer  1879,  (Givetian),  near  Paffrath, 
Germany.  The  original  types  of  this  species  are  lost.  A neotype  (designated  by  Glinski  1957,  p.  88)  is 
illustrated  in  text-figs.  \6a,  b of  Glinski's  work  and  is  also  from  the  Biicheler  Schichten,  Schladetal, 
Paflfrather  Mulde,  Germany. 

Diagnosis.  Loosely  fasciculate  tetracorals  with  subcylindrical  corallites.  The  epitheca 
is  thick  and  composed  of  greatly  expanded  septal  ends  embedded  in  lamellar  tissue.  The 
septa  are  thin,  smooth,  subradially  arranged  and  differentiated  into  two  orders;  typically 
several  of  the  major  septa  are  especially  long,  but  these  are  not  definitely  identifiable 
with  any  of  the  protosepta.  The  peripheral  ends  of  the  septa  are  greatly  expanded  and 
as  seen  in  transverse  section  bear  a dark  median  line  in  the  outer  part  of  the  expanded 
region.  Dissepiments  and  tabellae  are  absent.  The  tabulae  are  broad  and  some  are  quite 
complete. 

Remarks.  Glinski  proposed  Dendrostella  as  a subgenus  of  Favistella,  but  the  type  species 
of  Dendrostella,  together  with  a few  others,  form  a compact  species  group  worthy  of 
full  generic  rank.  Flower  (1961,  pp.  76-9)  outlined  the  problems  involved  in  the  recog- 
nition of  Favistel/a  and  proposed  Favistina  for  the  Ordovician  corals  previously  assigned 
to  Favistella.  The  Middle  Devonian  species  of  Dendrostella  are  distinguished  from  them 
by  their  highly  characteristic  epitheca  and  by  their  tabulae,  which  are  not  peripherally  | 
downturned. 

Dendrostella  trigemme  (Quenstedt  1879) 

Plate  62,  figs.  1-11  ■ 

71852  Cyathophylliim  caespitosiim  Goldfuss;  Quenstedt  (partim,  Bensberg  specimens  only), 
p.  664,  pi.  59,  figs.  40fl,  b (not  fig.  41,  which  shows  dissepiments). 

71867  Cyathophylliim  caespitosiim  Goldfuss;  Quenstedt,  p.  797,  pi.  76,  fig.  40.  Teste  Flugel.  j 

71879  Cvathophvlliim  caespitosiim  Goldfuss;  Quenstedt  (partim,  Bensberg  specimens  only),  ! 
pp.  516-18.  I 

1879  Cyathophylliim  caespitosiim  trigemme  Goldfuss;  Quenstedt,  p.  518. 

71881  Cyathophylliim  caespitosiim  Goldfuss;  Quenstedt  (partim)  pi.  162,  figs.  1,  2 only.  ! 

1881  Cyathophylliim  caespitosiim  trigemme  Goldfuss;  Quenstedt,  pi.  162,  figs.  5-8. 

1885  Cyathophylliim  caespitosiim  Goldfuss;  Quenstedt  (partim,  Bensberg  specimens  only), 

pp.  1023,  1024,  pi.  83,  fig.  6.  (not  fig.  7,  which  shows  dissepiments).  ; 

1886  Cyathophylloides  rhenanum  Freeh,  p.  207  (93),  pi.  15(3),  figs.  19,  19a.  | 

1894  Cyathophylloides  (Densiphylliim)  rhenaniis  Freeh;  Weissermel,  p.  621. 

1897  Cohimnaria  (Pycnophyllum)  rhenana  (Freeh);  Weissermel,  pp.  872,  873.  ; 

1900  Cyathophylliim  caespitosiim  Goldfuss;  Lotz,  p.  235.  Teste  Flugel.  j 

1912  Metriophylhim  poshiense  Mansuy,  pp.  47,  48,  pi.  7,  figs.  Sa-d. 

1922  Metriophylhim  Cl)  poshiense  Mansuy;  Grabau,  p.  67. 

1922  Cohimnaria  (Pycnophyllum)  rhenana  (Freeh);  Paeckelmann,  pp.  74,  75.  | 

1923  Cyathophylloides  rhenanum  (Freeh);  Fliegel,  p.  370.  ' 

1942fl  Favistella  rhenana  (Freeh);  Hill,  p.  253,  pi.  9,  figs.  2a,  b,  3a,  b. 

1945  '’Cohimnaria'  cf.  disjiincta  Whiteaves;  Wilson,  A.  E.  in  Hage,  p.  6. 

71948  Cohimnaria  sp.’,  Wang,  p.  28,  pi.  4,  fig.  23. 

1949  Cohimnaria  vulgaris  Soshkina;  Soshkina,  p.  107,  pi.  43,  figs.  5,  6. 

1952  Cohimnaria  vulgaris  Soshkina;  Soshkina,  p.  92,  pi.  26,  fig.  102. 

1955  Cohimnaria  rhenana  (Freeh);  Kraevskaya,  pp.  216,  217,  pi.  41,  fig.  2a. 
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1957  FavisteUa  {Dendrostella)  rhenana  (Freeh);  Glinski,  pp.  88-90,  text-figs.  1-4,  16. 

1958  FavisteUa  rheiiaiia  (Freeh);  Bulvanker,  pp.  110-12,  pi.  42,  figs.  3,  4;  pi.  43;  fig.  2. 

1958  FavisteUa  (Dendrosteiia)  rheiiana  (Freeh);  Fliigel,  pp.  49,  50. 

1959  Coiiinmaria  rhenana  (Freeh);  Middleton,  pp.  150,  151,  text-figs.  5f-h,  pi.  27,  figs.  6a,  b,  1. 
1959  FavisteUa  (Dendrosteiia)  trigemme  trigemine  (Quenstedt  1881);  Fliigel,  pp.  113-17. 
1961  Dendrosteiia  rhenana  (Freeh);  Fontaine,  pp.  156,  157,  pi.  28,  figs.  6-8. 

1961  Coinmnaria  rhenana  (Freeh);  Lenz,  p.  506,  pi.  1,  figs.  5-10. 

1962  Dendrosteiia  rhenana  (Freeh);  MeLaren,  Norris  and  MeGregor,  pi.  2,  figs.  1,  2. 

non  1826  Lithodendron  caespitosnnr,  Goldfuss,  p.  44,  pi.  13,  fig.  4 (leetotype  = Phaceiiophyiinm). 
non  1935  Disphyihim  {Phaceiiophyiinm}  trigemme  (Quenstedt);  Lang  and  Smith,  p.  575,  text-figs. 

30,  31  ( = Thamnophyiium  trigeminnm  (Peneeke),  teste  Fliigel). 
non  1936  Coiiinmaria  vidgaris;  Soshkina,  p.  22,  text-figs.  1-3  ( = Dendrosteiia  vnigaris). 

Types.  The  iectotype  is  in  the  Museum  fiir  Geologic  und  Palaontologie  der  Universitiit,  Tubingen, 
where  it  is  numbered  Coe  5/162/5.  It  is  the  specimen  figured  by  Quenstedt  1881,  pi.  162,  fig.  5,  and  came 
from  the  Schwelmer  Kalk  (Givetian)  at  Hand,  near  Paflfrath,  Germany.  Fliigel  (1959,  p.  1 14)  actually 
designated  the  specimen  in  fig.  5 of  Quenstedt’s  pi.  182,  but  there  is  no  doubt  from  the  study  of  his 
synonymy,  the  museum  label,  and  Quenstedt’s  plates,  that  he  really  meant  pi.  162.  When  seen  by  the 
writer  the  specimen  consisted  of  two  small  fragments. 

Hypotype  1 , GSC  16984  (Plate  62,  fig.  10),  previously  TOCL  D14L/,  upper  part  of  the  Hume  Forma- 
tion, east  end  of  Carcajou  Ridge,  NWT,  about  65°  30'  N.,  128°  30'  W.;  collected  by  E.  W.  Best  and 
D.  L.  Barss,  1961.  Hypotype  2,  GSC  16985  (Plate  62,  fig.  11),  previously  TOCL  D141A',  as  above. 
Hypotype  3,  GSC  16986  (Plate  62,  figs.  1-9)  previously  TOCL  G1425u,  140  to  150  feet  below  the  top  of 
the  Nahanni  Formation,  north  side  of  Bluefish  Lake  in  the  Nahanni  Range,  NWT,  61°  11'  30"  N., 
123°  19'  30"  W.;  collected  by  A.  E.  H.  Pedder,  1960. 

Additionai  materiai.  In  all,  more  than  100  specimens  from  62  localities  in  the  NWT  and  Yukon  have 
been  studied. 

Description  of  hypotypes.  A loosely  dendroid  tetracoral  occurring  commonly  in  huge 
masses,  which  presumably  represent  many  intergrown  coralla.  The  lateral  offsets  are 
mostly  at  a marked  angle  to  the  original  corallite,  so  that  the  corallites,  which  are 
cylindrical  and  typically  very  straight,  tend  to  grow  in  various  directions. 

Transverse  sections.  The  adult  corallites  are  approximately  circular  and  vary  between 
4-5  and  8-5  mm.  in  diameter.  Owing  to  the  coral’s  growth  form  they  are  rarely  in 
contact  and  are  commonly  5-0  to  15-0  mm.  apart.  The  epitheca  is  continuous  and  about 
0-5  mm.  thick;  it  is  composed  of  exceptionally  expanded  septal  ends  embedded  in 
lamellar  tissue.  The  septa  number  between  30  and  40  per  adult  corallite;  they  are 
differentiated  into  two  orders  and  are  roughly  radially  arranged.  The  major  septa 
extend  almost  to,  or  beyond  the  axes;  Glinski  termed  the  longest  ‘Richtsepten’  (directive 
septa)  but  they  are  not  homologous  with  the  Richtsepten  of  the  Digonophyllidae.  The 
minor  septa,  although  variable,  are  approximately  half  as  long  as  the  major.  The 
peripheral  ends  of  the  septa  are  characteristically  greatly  expanded  in  the  epitheca  and 
in  transverse  section  the  outer  half  of  the  expanded  regions  bears  a dark  median  line. 
In  the  tabularium  the  septa  are  thin  and  smooth  along  their  entire  length. 

Longitudinal  sections.  The  sides  of  the  epitheca  are  subparallel  in  adult  corallites. 
There  are  neither  dissepiments  nor  tabellae.  The  tabulae,  which  are  typically  depressed 
axially,  are  moderately  spaced  and  abut  against  the  epitheca;  they  are  broad  and  some 
appear  complete,  but  most  are  disrupted  by  septa. 

Remarks.  Through  the  kindness  of  Professor  Hdlder,  the  writer  was  able  to  study  the 
Iectotype  of  this  species  and  supports  Flugel’s  contention  that  Freeh’s  Cyaihophylloides 
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rhenanus  is  a junior  synonym  of  it.  The  lectotype,  which  is  a small  fragment  of  a corallite, 
is  about  7-2  mm.  in  diameter  and  has  36  septa;  it  closely  resembles  the  hypotypes  in 
all  respects,  except  that  its  epitheca  is  more  pronounced,  being  about  TO  mm.  thick. 
Fontaine  has  shown  that  Metriophyllum  poshiense  Mansuy  is  another  junior  synonym 
of  this  species.  The  holotype  is  said  to  be  at  I’Ecole  des  Mines,  Paris,  and  came  from  the 
Givetian  of  Yunnan.  Although  Wang’s  (1948)  fragments  were  described  as  having  short 
major  septa,  which  number  only  16  in  corallites  averaging  as  much  as  8-0  mm.  in 
diameter,  it  is  possible  that  they  should  be  referred  to  this  species. 

In  Canada  this  species  occurs  in  the  Nahanni  Formation  of  north-eastern  British 
Columbia,  southern  Yukon,  and  south-western  NWT,  and  in  the  Headless  and  Hume 
Formations  of  the  NWT;  it  is  also  said  to  occur  in  the  Givetian  of  the  arctic  islands, 
but  the  writer  has  not  studied  specimens  from  there.  Elsewhere  it  occurs  in  Givetian 
limestones  in  Germany,  the  Ploken  Pass  region  of  Austria,  south-western  England, 
the  Urals,  Kuznets,  and  Novaya  Zemla  regions  of  Russia,  southern  China,  northern 
Vietnam,  and  in  northern  Queensland,  Australia.  It  is  also  reported  in  the  late  Eifelian 
of  the  Kuznets  Basin. 

Eamily  spongophyllidae  Dybowski 

Remarks.  Most  workers  have  accepted  the  Ptenophyllidae  as  a family  distinct  from  the 
Spongophyllidae.  This  is  difficult  to  justify  when  one  considers  the  obvious  gradation 
from  Xystriphyllum,  an  accepted  ptenophyllid,  through  Pseudo spongophyllum  to 
SpongophyUum,  and  in  this  work  Ptenophyllidae  is  regarded  as  synonymous  with 
Spongophyllidae. 

The  tabularium  in  early  species  of  SmithiphyUiim  are  more  suggestive  of  the  Endo- 
phyllidae  than  either  the  Spongophyllidae  or  Disphyllidae,  and  the  genus  should 
probably  be  transferred  to  that  family. 

Genus  taimyrophyllum  Chernychev  1941 

Type  species  {original  designation).  T.  speciosiim  Chernychev  1941,  pp.  12,  13,  text-fig.  1,  pi.  1,  figs. 
1-3;  pi.  2,  figs.  1-3;  pi.  5,  fig.  5.  Lower  Devonian,  Tareia  River,  40  km.  from  the  mouth,  south-west 
Taimir,  U.S.S.R. 

Diagnosis.  Massive  thamnasterioid  to  aphroid  tetracorals.  The  calices  are  shallow  and 
their  rims  most  commonly  flush  with  the  nearly  flat  calicular  platforms.  In  some 
species  slight  thickening  of  the  dissepiments  and  septa  produces  rudimentary  intra- 
corallite  walls,  in  others  these  are  entirely  absent  and  the  genus  is  never  truly  cerioid. 
In  the  thamnasterioid  species  the  septa  are  either  continuous  with  those  of  neighbouring 
corallites  or  abut  against  them.  The  septa  in  the  dissepimentarium  are  normally  thin, 
smooth,  and  either  undifferentiated  or  are  poorly  so.  In  the  tabularium,  however,  they 
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All  figures  x 3. 

Figs.  1-11.  Dendrostella  trigejnme  (Quenstedt).  1-6,  Transverse;  7-9,  longitudinal  sections  of  hypotype 
3,  GSC  16986,  Nahanni  Formation.  10,  Transverse  section  of  hypotype  1 , GSC 16984,  Fiume  Forma- 
tion. 11,  Longitudinal  section  of  hypotype  2,  GSC  16985,  Flume  Formation. 

Figs.  12,  13.  Tairnyrophylliim  triadorian  sp.  nov.  12,  13,  Longitudinal  and  transverse  sections  of  holo- 
type, GSC  16987,  Hume  Formation. 
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are  clearly  differentiated  into  two  orders  and  commonly  bear  zigzag  carinae.  The  minor 
septa  only  just  protrude  into  the  tabularium,  but  the  major  are  long  and  typically  form 
a weak  axial  vortex  and  may  show  minor  rhopaloid  thickening.  The  septa  are  not 
thickened  at  the  margin  of  the  tabularium.  The  trabeculae,  in  the  few  specimens  in 
which  they  have  been  observed,  are  almost  vertical  throughout  much  of  the  dissepimen- 
tarium,  but  in  and  close  to  the  tabularium  they  are  inwardly  and  upwardly  directed. 
The  dissepiments  grade  from  ones  of  moderate  size  and  approximate  horizontal 
disposition  in  most  of  the  dissepimentarium  to  smaller  and  more  steeply  inclined  ones  at 
the  margin  of  the  tabularium.  Lateral  or  cystose  dissepiments  occur  in  some  species. 
Tabellae  are  rare  or  absent.  The  tabulae  are  closely  spaced  and  commonly  much  dis- 
rupted by  the  major  septa. 

Remarks.  The  genus  Eddasiraea  (Hill  1942Z),  pp.  147,  148)  is  a synonym  of  Taimyro- 
phyllum.  The  type  species  of  the  former  is,  by  original  designation,  PhiUipsastraea 
grandis  Dun  {in  Benson  1918,  p.  379,  pi.  35,  figs.  4,  5).  The  type  material  was  collected 
from  the  Loomberah  Limestone  (Eifelian  or  Givetian)  near  Loomberah,  New  South 
Wales,  Australia.  In  1942  the  whereabouts  of  this  material  was  unknown,  but  later  the 
original  slides  came  to  light  at  Otago  University  and  were  forwarded  to  Professor  Hill 
in  time  for  her  to  prepare  new  figures  of  the  species  for  the  Treatise  on  Invertebrate 
Palaeontology,  Part  F.  The  extant  part  of  the  original  specimen  of  T.  grande  consists  of 
two  transverse  and  two  longitudinal  sections.  Search  for  the  remaining  unsectioned 
part  has  been  unsuccessful.  To  facilitate  comparison  the  types  of  T.  grande  and  T. 
speciosum  are  figured  in  this  paper  on  Plates  63  and  64. 

Taimyrophyllum  triadorwn  sp.  nov. 

Plate  62,  figs.  12,  13;  Plate  64,  fig.  5;  Plate  65,  figs.  1,  2 
Name  derivation.  Patronym  for  the  geologists  of  Triad  Oil  Co.  Ltd. 

Holotype,  GSC  16987  (Plate  62,  figs.  12,  13;  Plate  64,  fig.  5),  previously  TOCL  D23n,  Hume  Forma- 
tion, Anderson  River,  NWT,  about  68°  30'  N.,  127°  25'  W. ; collected  by  A.  E.  H.  Pedder,  1959. 
Paratype,  GSC  16988  (Plate  65,  figs.  1,  2),  previously  TOCL  D15n,  Hume  Formation,  Anderson 
River,  NWT,  about  68°  32'  N.,  127°  12'  W.;  collected  by  A.  E.  H.  Pedder,  1959.  Neither  of  the  outcrops 
is  sufficient  to  indicate  their  level  in  the  formation. 

Diagnosis.  A species  of  Taimyrophyllum  having  from  24  to  28  septa  and  a tabularium 
from  2-0  to  4-0  mm.  wide. 

Description.  A thamnasterioid  tetracoral.  Both  the  types  are  incomplete  specimens, 
the  holotype  was  at  least  13  cm.  in  diameter  and  42  cm.  high;  the  paratype  was 
smaller.  The  calices  are  shallow  and  saucer-shaped,  typically  about  TO  mm.  deep  and 
between  2-0  and  4-0  mm.  in  diameter.  The  axes  of  adjacent  corallites  are  mostly  between 
8-0  and  12-0  mm.  apart.  The  calicular  rims  are  either  flush  with  the  general  surface 
of  the  corallum,  or  are  just  exsert.  The  septa  are  prominently  elevated  on  the  surface  of 
the  corallum. 

Transverse  sections.  The  septa  are  differentiated  only  in  the  tabularium  and  number 
from  24  to  28  per  adult  corallite.  They  are  either  confluent  with  those  of  adjacent 
corallites,  or  abut  against  them.  The  major  septa  are  thin,  smooth,  and  typically  only 
very  gently  sinuous  in  the  dissepimentarium,  but  in  the  tabularium  they  are  carinate 
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and  twisted,  forming  loose  axial  vortices;  some  have  slight  rhopaloid  thickening.  The 
minor  septa  are  smooth  and  thin  throughout,  and  are  either  confined  to  the  dissepi- 
mentarium,  or  just  protrude  into  the  tabularium.  The  dissepiments  are  abundant, 
particularly  near  the  tabularium,  where  owing  to  their  greater  inclination,  they  appear 
to  be  especially  abundant.  They  are  commonly  chevron-shaped  and  in  extreme  cases  ' 
both  ends  of  the  same  dissepiment  abut  against  the  same  septum.  | 

Longitudinal  sections.  Throughout  most  of  the  dissepimentarium,  the  dissepiments  i 
are  broadly  arched  and  horizontally  disposed.  In  the  holotype  their  average  length  i;> 
about  TO  mm.,  but  in  the  paratype  it  is  about  T2  mm.;  the  largest  seen  is  4-0  mm.  long.  j 

Close  to  the  tabularium  they  become  progressively  more  steeply  inclined,  so  that  in 
many  places  the  tabulae  are  perpendicular  to  the  dissepiments;  thus  the  demarcation 
between  the  tabularium  and  dissepimentarium  is  abrupt  and  distinct.  The  tabulae  are 
closely  set  and  invariably  incomplete,  especially  as  they  are  much  disrupted  by  the  septa. 
There  are  no  tabellae.  As  far  as  can  be  seen  in  the  prepared  sections  of  the  types,  the 
trabeculae  are  parallel  and  upwardly  directed  throughout  most  of  the  dissepimentarium, 
but  are  inwardly  inclined  near,  and  in,  the  tabularium. 

Remarks.  This  species  has  been  found  only  in  two  collections  from  the  Hume  Formation. 

It  is  distinguished  from  T.  vescibalteatiim  by  its  lack  of  intracorallite  walls  and  by  its 
more  widely  spaced  tabularia.  T.  grande  is  a much  larger  species  with  considerably 
more  septa.  T.  speciosum  is  also  larger  and  is  less  consistently  thamnasterioid. 

Taimyr ophyUum  vescibalteatiim  sp.  nov. 

Plate  65,  fig.  3;  Plate  66,  figs.  1-6 
Name  derivation.  Latin,  vesciis  = weak,  balteatus  = belted. 

Holotype,  GSC  16989  (Plate  65,  fig.  3;  Plate  66,  figs.  3,  4),  previously  TOCL  G5067o,  227  to  237  feet 
below  the  top  of  the  Nahanni  Formation,  northern  Funeral  Range,  NWT,  6T  4F  30"  N.,  125°  05'  00" 

W. ; collected  by  A.  E.  H.  Pedder,  1960.  Paratype  1,  GSC  16991  (Plate  66,  figs.  5,  6),  previously  TOCL 
G7051a,  320  to  330  feet  below  the  top  of  the  Nahanni  Formation,  upper  Prairie  Creek,  NWT,  6T  42' 

00"  N.,  124°  58'  00"  W.;  collected  by  L.  F.  Cote,  1960.  Paratypes  2,  3,  GSC  16990  (Plate  66,  figs.  1,  2), 
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All  figures  X 3. 

Figs.  1,  2.  Taimyrophytlwn  grande  (Dun).  1,  Transverse  section  of  holotype  (at  present  in  the  keeping 
of  Professor  D.  Hill,  Brisbane),  Loomberah  Limestone,  near  Loomberah,  New  South  Wales.  2, 
Transverse  section,  probably  also  of  the  holotype,  at  present  in  the  keeping  of  Professor  D.  Hill. 

Figs.  3,  4.  Taimyrophyllum  speciosum  Chernychev.  Lower  Devonian,  Tareia  River  Basin;  after  Cherny- 
chev  1941.  3,  Transverse  section  of  holotype,  CGM  3/5958.  4,  Transverse  section  of  a paratype, 
repository  unpublished. 

EXPLANATION  OF  PLATE  64 

Figures  1-4,  X 3,  figures  5,  6,  X 1. 

Figs.  1,  2,  6.  Taimyrophyllum  speciosum  Chernychev.  Lower  Devonian,  Tareia  River  Basin;  after 
Chernychev  1941.  1,  6,  Longitudinal  section  and  exterior  of  holotype,  CGM  3/5958.  2,  Longi- 
tudinal section  of  a paratype,  repository  unpublished. 

Ligs.  3,  4.  Taimyrophyllum  grande  (Dun).  3,  4,  Longitudinal  sections  of  holotype  (at  present  in  the  keep- 
ing of  Professor  D.  Hill,  Brisbane),  Loomberah  Limestone,  near  Loomberah,  New  South  Wales. 

Fig.  5.  Taimyrophyllum  triadorum  sp.  nov.  Part  of  the  exterior  of  holotype,  GSC  16987,  Hume  Forma- 
tion. 
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GSC  16992,  previously  TOCL  G50216,  c,  respectively,  176  to  186  feet  below  the  top  of  the  Nahanni 
Formation,  same  locality  and  collector  as  the  holotype. 

Additional  material.  Eleven  specimens  from  nine  localities  in  the  Nahanni  Formation  have  been  studied. 

Diagnosis.  A species  of  Taimyrophyllum  with  narrow  corallites  (averaging  about  9-0  mm. 
in  width)  separated  by  weak  intracorallite  walls. 

Description.  A partly  cerioid  to  astreoid  tetracoral.  The  types  are  all  incomplete;  the 
largest  specimens  seen  in  the  field  by  the  writer  are  about  35  cm.  in  diameter  and 
10  cm.  high.  The  calices  are  moderately  shallow  and  subconical.  The  calicular  rims 
are  flush  with  the  general  surface  of  the  corallum  and  are  surrounded  by  broad  calicular 
platforms.  The  adult  corallites  are  delimited  by  weak  zigzag  walls  and  are  between 
6-0  and  11-0  mm.  across. 

Transverse  sections.  The  septa  number  from  22  to  30  per  adult  corallite  and  are 
either  confluent  with  those  of  adjacent  corallites  or  abut  against  them.  They  are  smooth 
in  the  dissepimentarium,  but  in  the  tabularium  faint  traces  of  carinae  can  be  seen  on 
some.  Their  length  varies  in  the  tabularium,  but  dilferentiation  into  major  and  minor 
septa  is  irregular.  In  the  tabularium  they  tend  to  show  a rudimentary  bilateral  symmetry 
and  form  an  axial  vortex.  They  are  typically  thin,  although  in  places  thickening  occurs, 
especially  in  the  tabularium  and  near  the  periphery  of  some  corallites;  some  have  minor 
rhopaloid  thickening.  The  intracorallite  walls  are  indistinct  and  absent  in  places.  They 
appear  as  thick  dissepiment-like  bars  between  some  of  the  septa,  which  may  be  thickened 
and  augment  the  wall.  The  walls  are  secondary  to  the  septa  since  they  do  not  interrupt 
their  continuity  from  one  corallite  to  another.  The  dissepiments,  which  are  either  arcuate 
or  chevron-shaped,  appear  to  be  especially  abundant  near  the  tabularium ; this  is  due  to 
their  greater  inclination  there  than  elsewhere. 

Longitudinal  sections.  The  intracorallite  walls  are  mostly  thin  and  continuous  in  the 
holotype  and  paratype  2;  in  para  type  1,  however,  they  are  discontinuous.  The  peri- 
pheral dissepiments  abut  against  the  wall  where  it  is  present,  but  where  it  is  absent  the 
peripheral  dissepiments  of  adjacent  corallites  are  continuous.  The  dissepiments  are 
arched  and  mostly  vary  in  length  between  0-5  and  2-0  mm.  Peripherally  they  are 
horizontally  disposed  or  nearly  so;  axially  they  become  progressively  more  steeply 
inclined  so  that  the  innermost  ones  commonly  lie  perpendicular  to  the  tabulae  and  the 
boundary  between  the  dissepimentarium  and  tabularium  is  abrupt  and  distinct.  The 
tabulae  are  closely  set,  incomplete,  and  much  disrupted  by  septa.  There  are  no  tabellae. 
Trabeculae  cannot  be  seen  in  the  type  material. 

Remarks.  The  species  does  not  closely  resemble  any  other  yet  described.  It  diflers  from 
T.  triadorum  in  its  more  closely  set  tabularia  and  weak  intracorallite  walls. 

Genus  grypophyllum  Wedekind  1922 

Type  species  {original  designation).  G.  denckmanni  Wedekind  1922,  pp.  13-15,  text-figs.  13,  14;  figures 
reproduced  by  Stumm  1949,  pi.  12,  figs.  13,  14;  Hill  1956,  text-fig.  207,  \c,  d.  Biicheler  Schichten 
(Givetian),  Bergisch-Gladbach,  Germany.  Wedekind’s  (1925,  p.  14)  subsequent  designation  of  G. 
isactis  Freeh  is  invalid. 


Diagnosis.  See  Middleton  1959,  p.  143. 
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Remarks.  Taylor  (1951,  pp.  173,  174)  restricted  Grypophyllum  to  those  forms  in  which 
the  septa  are  thin  and  peripherally  withdrawn,  leaving  a lonsdaleoid  dissepimentarium, 
and  assigned  forms  with  completely  developed  and  peripherally  thickened  septa  to  a 
new  genus,  Hooeiophyllum.  The  peripheral  withdrawal  of  septa  is  variable  in  several 
species  of  Grypophyllum  and  the  writer  follows  most  subsequent  workers  in  not  ac- 
cepting Hooeiphyllum. 

Birenheide  (1961,  pp.  114-16)  merged  LeptoinophyUiim  in  Grypophyllum  and  relegated  J 
the  latter  to  a subgenus  of  Acanthophyllum.  These  genera  and  also  LyrieJasma  are  j 
certainly  closely  related,  but  it  seems  preferable  to  regard  them  as  distinct.  Grypophyllum  j 
is  distinguished  from  Leptoinophyllum  and  Acanthophyllum  by  its  colonial  form,  smooth  y 
non-rhopaloid  and  generally  thinner  septa,  and  by  its  typically  more  strongly  developed  ! 
epitheca.  Lyrielasma  is  distinguished  from  Grypophyllum  by  its  epitheca,  which  is  almost  | 
entirely  composed  of  dilated  septal  ends,  and  its  well  developed  minor  septa,  which  are 
never  so  reduced  as  to  give  rise  to  a herringbone  dissepimentarium.  The  acme  of  Grypo- 
phyllum  occurred  in  the  Givetian,  whereas  that  of  the  others  was  in  either  the  Lower  ji 
Devonian  or  Eifelian.  | 

Grypophyllum  gracile  {VlcCoy  1850)  I 

Plate  68,  figs.  1,  2 I 

1850  Strephodes  gracilis  yicCoy  {partim),  p.  378.  I ; 

1851  Strephodes  gracilis  McCoy;  McCoy  (partim)  in  Sedgwick  and  McCoy,  pp.  72,  73.  \ 

1853  Strephodes  gracilis  [ = Cyathophvllnin  or  Ptychophvlhan\  McCoy;  Edwards  and  Haime,  jjj 

p.  232.  ■ || 

1855  Strephodes  gracilis  McCoy;  McCoy  {partim)  in  Sedgwick  and  McCoy,  pi.  2a,  figs.  5a,  b 

only  (fig.  5 is  indeterminate).  j 

1891  Strephodes  gracilis  y[cCoy,'iNooAs,X).  1?:.  (! 

1950  Cyathophylhim  gracile  (McCoy);  Bassler,  p.  80.  L 

71959  Grypophyllum  sp.  cf.  G.  /;on?7fl/e  Wedekind ; Middleton  (parOV???),  p.  146,  text-figs.  Ae,f.  f 
non  1925  Grypophyllum  gracile  (McCoy);  Wedekind,  p.  20,  pi.  5,  figs.  28,  29  { = G.  wedekindi  q: 
Middleton).  >■  I 

Types.  Two  syntypes  in  the  Sedgwick  Museum  numbered  H175  and  H176.  McCoy's  figures  (1855,  I 
pi.  2a,  figs.  5-5b)  are  synthetic  and  suggest  that  the  polished  faces  figured  in  5a  and  5b  are  from  the  , ' 
same  coral  as  shown  in  fig.  5.  However,  comparison  of  the  figures  with  the  extant  types  strongly  ; 
suggests  that  fig.  5 is  based  on  H176  and  that  figs.  5a  and  5b  are  based  on  H175.  ! 

On  the  legend  of  pi.  2a,  the  specimens  are  said  to  have  come  from  the  Devonian  limestone  of  Ply-  ! 
mouth,  but  McCoy’s  earlier  works  (1850,  p.  378;  1851,  p.  73)  state  that  the  type  locality  is  Newton  j 
Bushel.  The  original  label  was  written  by  W.  Farren,  McCoy’s  assistant,  and  states  that  the  specimens 
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Figs.  1,  2.  Taimyrophyllum  triadorum  sp.  nov.  1,  2,  Transverse  and  longitudinal  sections  of  paratype, 
GSC  16988,  Hume  Formation. 

Fig.  3.  Taimyrophyllum  vescibalteatum  sp.  nov.  Transverse  section  of  holotype,  GSC  16989,  Nahanni 
Formation. 

EXPLANATION  OF  PLATE  66 

All  figures  x 3. 

Figs.  1-6.  Taimyrophyllum  vescibalteatum  sp.  nov.  1,2,  Transverse  and  longitudinal  sections  of  para- 
type 2,  GSC  16990,  Nahanni  Formation.  3,  4,  Longitudinal  sections  of  holotype,  GSC  16989, 
Nahanni  Formation.  5,  6,  Fongitudinal  and  transverse  sections  of  paratype  1,  GSC  16991,  Nahanni 
Formation. 
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came  from  ‘Devonian  Limestone,  Newton  Bushel?’  The  two  specimens  are  not  conspecific,  nor  are 
they  similarly  preserved — H175  is  grey  whereas  H176  is  red  stained.  There  are  therefore  several  indica- 
tions that  the  types  may  have  originated  from  different  localities. 

Through  the  kindness  of  Dr.  C.  L.  Forbes,  the  types  have  now  been  sectioned.  H176  (Plate  68,  fig.  3) 
is  generically  indeterminate,  but  may  be  close  to  Neospoiigopliyllmn.  Axially  it  appears  to  have  traces 
of  monacanths,  but  the  septa  are  not  differentiated  into  two  orders.  No  trace  of  the  peripheral  region 
now  remains.  H175  is  a much  more  adequately  preserved  specimen  and  is  here  chosen  as  lectotype 
(Plate  68,  figs.  1,  2). 

Description  of  lectotype.  The  lectotype  is  a subcylindrical  fragment  about  65  mm.  long 
and  17  mm.  in  greatest  width.  It  may  be  part  of  an  originally  fasciculate  corallum. 

Transverse  section.  That  part  of  the  epitheca  which  is  preserved  is  from  0-2  to  0-5  mm. 
thick  between  the  septal  ends.  The  septa  are  smooth  and  roughly  radially  arranged  and 
only  the  major,  which  number  27,  are  well  developed;  they  are  mostly  thin  but  in  places 
are  thickened  by  a thin  investment  of  sclerenchymal  tissue;  some  extend  beyond  the 
axis,  others  fall  short  of  it  and  a few  are  axially  contratingent.  The  minor  septa  are 
mostly  represented  by  mere  ridges  on  the  interior  of  the  epitheca,  a few  are  more  fully 
developed  and  three  are  about  half  as  long  as  their  adjacent  major  septa.  The  dissepi- 
ments are  arcuate  or  chevron-shaped  and  in  places,  where  the  minor  septa  are  absent, 
abut  against  each  other  forming  a herringbone  pattern. 

Longitudinal  section.  On  one  side  in  the  lower  part  of  the  section  there  are  indications 
of  a rejuvenation;  this  is  most  unusual  for  the  genus.  The  dissepiments  are  from  3 to  7 
deep  on  each  side  of  the  dissepimentarium ; some  are  globose,  others  long  without  being 
fully  lonsdaleoid.  The  tabularium  is  clearly  distinguished  from  the  dissepimentarium 
and  is  about  3-0  mm.  wide.  The  tabulae  are  closely  spaced  and  sag  axially;  they  invariably 
appear  incomplete  owing  to  interruptions  by  the  long  major  septa. 

Remarks.  Middleton  (1959,  p.  146)  correctly  noted  that  this  species  is  a Grypophyllum, 
and  was  therefore  justified  in  proposing  G.  wedekindi  for  its  junior  homonym  G.  gracile 
Wedekind  1925.  Since  G.  gracile  (McCoy)  is  the  earliest  described  member  of  the  genus, 
its  revision  naturally  raises  the  question  of  whether  there  are  any  subsequently  proposed 
names  which  might  be  suppressed  as  synonyms.  Engel  and  Schouppe  (1958,  pp.  103-7, 
pi.  9,  figs.  18-25)  grouped  four  of  Wedekind’s  species  from  the  Givetian  of  Hand, 
Germany,  under  the  name  G.  denckmanni.  Thus  interpreted  the  species  is  extremely 
variable  and  in  most  respects  morphologically  encompasses  G.  gracile.  However,  for 
the  present  at  least,  it  is  recommended  that  G.  denckmanni  be  recognized  as  a distinct 
species,  because  of  the  great  thickness  of  its  epitheca.  Taylor  (1951)  and  Middleton 
(1959)  have  figured  several  specimens  of  Grypophyllum  from  Devon;  of  these,  only  the 
specimen  figured  by  Middleton  as  G.  sp.  cf.  G.  normale  Wedekind  is  close  enough  to  be 
regarded  as  a possible  example  of  G.  gracile.  Its  largest  corallite  is  slightly  smaller  than 
the  lectotype  of  G.  gracile  and  has  only  24  major  septa;  its  minor  septa  are  also  slightly 
more  developed. 

Grypophyllum  graciliseptatum  sp.  nov. 

Plate  67,  figs.  1-19 

71962  Lyrielasma  cf.  sperabilis  Crickmay,  p.  8. 

Name  derivation.  Latin  gracilis  = slender;  septal  us  = septate. 
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Holotype,  GSC  17003  (Plate  67,  figs.  1-3,  14,  15),  previously  TOCL  G6944a,  500  to  5 10  feet  below  the 
top  of  the  Nahanni  Formation,  north-east  part  of  Nahanni  Plateau,  NWT,  61°  53'  N.,  124°  25'  W. ; 
collected  by  D.  Mason,  1960.  Paratype  1,  GSC  17004  (Plate  67,  figs.  4-10,  18,  19),  previously  TOCL 
G6905fl,  1 12  to  122  feet  below  the  top  of  the  Nahanni  Formation,  same  locality  and  collector  as  the 
holotype.  Paratype  2,  GSC  17005  (Plate  67,  figs.  11-13,  16,  17),  previously  TOCL  D136/,  115  to  130 
feet  below  the  top  of  the  Hume  Formation,  Schooner  Creek,  NWT,  about  64°  18'  N.,  126°  34'  W.; 
collected  by  A.  E.  H.  Pedder,  1959. 

Additional  material.  Specimens  from  three  other  localities  have  also  been  studied. 

Diagnosis.  A loosely  fasciculate  species  of  Grypophyllwn  with  a corallite  diameter  of 
from  8-0  to  14-0  mm.  The  major  septa  number  from  24  to  28  per  adult  corallite  and  the 
minor  are  almost  completely  suppressed.  The  species  is  also  characterized  by  its  narrow 
tabularium. 

Description.  A loosely  fasciculate  tetracoral.  The  holotype  was  incompletely  collected 
and  before  sectioning  measured  about  100x70x50  mm.;  the  paratypes  were  also 
incomplete,  but  were  slightly  larger.  Lateral  offsets  are  moderately  abundant  and 
typically  grow  at  a marked  angle  to  the  parent  corallite.  The  paratypes  are  invested  by 
stromatoporoid  growths. 

Transverse  sections.  The  corallites  are  subcircular,  or  just  elliptical  and  their  adult 
diameter  is  between  8-0  and  14-0  mm.;  adjacent  corallites  are  up  to  about  25-0  mm. 
apart.  The  epitheca,  which  is  composed  of  septal  ends  embedded  in  lamellar  tissue,  is  very 
thin  in  paratype  1,  but  is  about  0-5  mm.  thick  in  the  holotype  and  paratype  2.  The  septa 
are  subradially  arranged  and  highly  differentiated  into  two  orders.  The  major  number 
from  24  to  28  per  adult  corallite ; they  are  smooth,  very  long  and  thin,  but  are  expanded 
and  fusiform  in  section  at  the  periphery  of  the  corallite;  axially  they  are  commonly 
slightly  twisted,  forming  a weak  vortex.  The  minor  septa  consist  solely  of  the  peripheral 
fusiform  part  and  only  just  protrude  from  the  interior  of  the  epitheca.  The  dissepimen- 
tarium  is  broad.  Some  of  the  dissepiments  are  arcuate  between  septa,  others  are  arranged 
in  herringbone  fashion. 

Longitudinal  sections.  The  two  sides  of  the  epitheca  are  approximately  parallel.  The 
dissepiments  are  variable;  some  are  relatively  small  and  globose,  others  are  much 
larger  and  more  steeply  inclined;  in  paratype  1 some  are  upturned  at  their  lower  end. 


EXPLANATION  OF  PLATE  67 

All  figures  X 3. 

Figs.  1-19.  Grypophylluni  graciliseptatum  sp.  nov.  1-3,  Transverse;  14,  15,  longitudinal  sections  of 
holotype, GSC  17003, NahanniFormation. 4-10,  Transverse;  18, 19,  longitudinal  sections  of  paratype 
1,  GSC  17004,  Nahanni  Formation.  11-13,  Transverse;  16,  17,  longitudinal  sections  of  paratype  2, 
GSC  17005,  Hume  Formation. 

EXPLANATION  OF  PLATE  68 

All  figures  X 3. 

Figs.  1, 2.  Grypopliylhan  gracile  (McCoy).  Longitudinal  and  transverse  sections  of  lectotype,  SM  H175, 
Middle  Devonian. 

Fig.  3.  Stringophyllid  ?,  transverse  section  of  the  other  syntype  of  Strephodes gracilis  McCoy,  SM  H176, 
Middle  Devonian. 

Figs.  4,  5.  Utaratnia  sp.  cf.  U.  laevigata  Crickmay.  Longitudinal  and  transverse  sections  of  hypotype  2, 
GSC  17540,  Nahanni  Formation. 

Figs.  6,  7.  Utaratnia  laevigata  Crickmay.  Longitudinal  and  transverse  sections  of  hypotype  1,  GSC 
17539,  Hume  Formation. 
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The  transition  from  dissepimentarium  to  tabularium  is  gradational  in  most  specimens. 
The  tabularium  is  narrow  and  the  mostly  incomplete  tabulae  are  much  dissected  by 
septa. 

Remarks.  Crickmay’s  Lyrielasma  sperabilis  is  closer  to  GrypophyUiim  than  Lyrielasma, 
and  it  is  possible  that  the  specimens  he  called  L.  cf.  sperabilis  will  prove  to  be  examples 
of  G.  graciliseptatuni.  They  come  from  the  Hume  Formation  on  Houston  River. 

From  G.  praecursor  (Freeh),  occurring  in  the  ‘Crinoiden  Schichten’  at  Sotenich, 
Germany,  this  species  is  distinguished  by  its  longer  and  slightly  more  numerous  major 
septa,  its  almost  completely  suppressed  minor  septa,  and  by  its  narrower  tabularium. 

From  G.  robustum  (Maurer),  an  unadjusted  primary  homonym,  occurring  in  the 
Waldgirmes  Formation  of  Germany,  this  species  is  distinguished  by  its  slightly  smaller 
size,  longer  major  and  almost  completely  suppressed  minor  septa. 

From  G.  ? sperabile  (Crickmay)  occurring  in  the  ‘Ramparts  Limestone’  of  the 
Redstone  area,  NWT,  this  species  is  distinguished  by  its  tabulae,  which  are  not  axially 
elevated  and  form  a much  narrower  tabularium,  and  by  its  less  phaceloid  growth  form. 

From  G.  wedekindi  Middleton,  occurring  in  various  Givetian  limestones  in  Germany, 
Belgium,  and  Russia,  this  species  is  distinguished  by  its  slightly  smaller  size,  longer  major 
and  more  suppressed  minor  septa. 

Genus  utaratuia  Crickmay  1960 

Type  species  (original  designation).  U.  laevigata  Crickmay.  See  below. 

Diagnosis.  ‘Cerioid  Spongophyllidae  with  greatly  shortened  septa  of  one  order; 
thickened  walls;  dissepiments,  of  discrepant  sizes,  in  several  series;  tabulae,  close, 
both  complete  and  incomplete,  some  arched,  some  sagging’  (Crickmay). 

Remarks.  The  question  of  the  relationship  between  this  genus,  which  is  at  present  known 
only  from  the  early  Givetian  of  western  Canada,  and  TabeUaephyllum,  which  occurs  in 
the  Frasnian  of  Nevada  and  the  Urals,  was  not  raised  by  Crickmay.  This  is  to  be  regretted 
as  most  coral  specialists  have  regarded  TabeUaephyllum  as  Crickmay  regarded  Utaratuia, 
that  is,  as  a spongophyllid  with  greatly,  or  totally,  reduced  septa.  At  present  the  writer 
accepts  both  as  homoeomorphic  genera.  Utaratuia  is  thought  to  lie  phylogenetically 
closest  to  such  species  as  "Cystiphyllum'  caespitosum  Schliiter,  which  form  a group  in 
great  need  of  revision,  whereas  TabeUaephyllum  appears  to  have  been  derived  from 
either  an  endophyllid  such  as  Smithiphyllum,  or  a disphyllid  such  as  Donia. 

Utaratuia  laevigata  Crickmay  1960 
Plate  68,  figs.  4-7 

1960  Utaratuia  laevigata  Crickmay,  p.  5,  pi.  I,  figs.  6-9;  pi.  8,  fig.  1. 
cf.  1962  Utaratuia  laevigata  Crickmay;  McLaren,  Norris  and  McGregor,  pi.  2,  figs.  5,  6. 

Types.  The  holotype  is  in  the  collection  of  Imperial  Oil  Limited,  Calgary.  It  was  collected  from  the 
Hume  Formation,  ‘low  Middle  Devonian  Limestone’,  at  Rainbow  Arch,  Carcajou  River,  NWT, 
62°  27'  N.,  128°  1 3'  W.  Hvpotype  1,  GSC  17539  (Plate  68,  figs.  6,  7),  previously  TOCL  G3446u,  Nahanni 
Butte,  NWT,  65°  05'  N.,  123°  21 ' W. ; collected  by  D.  Mason.  1960.  Hypotype  2,  GSC  17540  (Plate  68, 
figs.  4,  5),  previously  TOCL  D141/,  east  end  of  Carcajou  Ridge,  NWT,  about  65°  30'  N.,  128°  30'  W.; 
collected  by  E.  W.  Best  and  D.  L.  Barss,  1961. 
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Additional  material.  Three  specimens  from  the  Hume  Formation  and  fifteen,  comparable  with  this 
species,  from  the  Nahanni  or  Headless  Formations  have  been  studied. 

Remarks.  Specimens  of  Utaratiiia  are  moderately  common  in  both  the  Hume  and 
Nahanni  Formations.  The  almost  total  reduction  of  their  septa  and  the  considerable 
variation  in  their  size  render  them  particularly  difficult  to  separate  into  species.  The 
forms  from  the  Nahanni  and  Headless  Formations  have  a smaller  average  corallite 
width  than  those  from  the  Hume  Formation;  the  largest  corallites  in  the  latter  are 
about  22-0  mm.  across,  whereas  those  in  the  former  are  about  16-0  mm.  Further  distinc- 
tions are  found  in  the  walls,  which  are  thicker  and  have  a less  sinuous  dark  central  line 
in  the  Hume  forms.  More  material  will  be  required  before  a decision  can  be  made  on 
whether  these  distinctions  merit  taxonomic  recognition;  in  the  meantime  the  Nahanni 
and  Headless  forms  are  identified  as  Utaratuia  cf.  U.  laevigata  Crickmay. 

Family  stringophyllidae  Wedekind 
Genus  sociophyllum  Birenheide  1962 

Type  species  {original  designation).  Spongophyllum  elongation  Schliiter  1880,  p.  147;  1881,  pp.  94, 
95  (213,  214),  pi.  10(7),  figs.  1-3.  Primary  types  and  topotypes  redescribed  by  Birenheide  1962, 
pp.  54—58,  pi.  7,  figs.  \a,  b.  Loogher  Schichten,  ‘Crinoiden  Schichten’  (early  Givetian),  Berndorf, 
Hillesheimer  Mulde,  Germany. 

Diagnosis.  Fasciculate  tetracorals  with  subcylindrical  corallites.  Epitheca  relatively 
thick,  composed  of  septal  ends  embedded  in  lamellar  tissue.  Septa  typically  essentially 
bilaterally  disposed  and  irregularly  dilferentiated  into  two  orders.  Major  septa  within 
the  dissepimentarium  either  continuous,  or  discontinuous  forming  fusiform  strands  or 
dots,  as  seen  in  transverse  section.  Minor  septa  typically  very  reduced,  commonly 
represented  merely  by  single  monacanths  and  in  some  cases  completely  absent.  Trabe- 
culae monacanthine.  Dissepiments  lonsdaleoid.  Tabulae  either  complete,  or  incomplete, 
concave,  generally  with  a marked  axial  sag. 

Remarks.  Birenheide  proposed  this  as  a subgenus  of  StringophyUiim  for  fasciculate 
species  similar  to  Neo spongophyllum,  which  he  also  recognized  as  a subgenus  of  Stringo- 
phyUiim. Growth  form  has  generally  been  held  a valid  criterion  for  generic  distinction 
among  tetracorals  and  therefore  Sociophyllum  is  here  raised  to  generic  rank. 


EXPLANATION  OF  PLATE  69 

All  figures  X 3. 

Figs.  1-13.  Sociophyllum  glomeridatnm  (Crickmay).  Transverse  sections.  1-5,  Hypotype  9,  GSC  17002, 
Nahanni  Formation.  6-13,  Hume  Formation.  6,  12,  Hypotype  1,  GSC  16994.  7,  Hypotype  5,  GSC 
16998.  8,  Hypotype  7,  GSC  17000.  9,  Hypotype  3,  GSC  16996.  10,  Hypotype  4,  GSC  16997.  11, 
Hypotype  2,  GSC  16995.  13,  Hypotype  6,  GSC  16999. 

EXPLANATION  OE  PLATE  70 

All  figures  X 3. 

Figs.  1-12.  Sociophyllum  glomendatiim  (Crickmay).  longitudinal  sections.  1,  Hypotype  7,  GSC 
17000,  Hume  Formation.  2,  7,  Hypotype  1,  GSC  16994,  Hume  Formation.  3,  Hypotype  4,  GSC 
16997,  Hume  Formation.  4,  Hypotype  6,  GSC  16999,  Hume  Formation.  5,  Hypotype  3,  GSC 
16996,  Hume  Formation.  6,  9,  11,  12,  Hypotype  9,  GSC  17002,  Nahanni  Formation.  8,  Hypotype 
2,  GSC  16995,  Hume  Formation.  10,  Hypotype  5,  GSC  16998,  Hume  Formation. 
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Sociophyllum  gJomeriiJatum  (Crickmay  1962) 

Plate  69,  figs.  1-13;  Plate  70,  figs.  1-12 

1961  Spongophylliim  elongatum  Schliiter;  Lenz  (non  Schliiter),  pp.  506,  507,  pi.  1,  figs.  19-22. 

1962  Stringop/ivllnin  {Neospongophylliiinl)  sp.  J;  McLaren,  Norris  and  McGregor,  pi.  l,figs. 

7,  8.  ’ 

1962  StringophyUum  ghmemlatum  Crickmay,  pp.  7,  8,  pi.  1,  fig.  15;  pi.  2,  figs.  6,  7;  pi.  4, 
figs.  8,  9. 

Types.  The  holotype  and  paratype  are  in  the  collection  of  Imperial  Oil  Limited,  Calgary.  Both  were 
collected  from  the  Hume  Formation,  ‘Norman  Wells  formation’  on  Houston  River,  NWT,  65°  30'  N., 
131°  15' W. 

Hypotype  1,  GSC  16994  (Plate  69,  figs.  6,  12;  Plate  70,  figs.  2,  7),  previously  TOCL  D1416,  upper 
part  of  the  Hume  Formation,  east  end  of  Carcajou  Ridge,  NWT,  about  65°  30'  N.,  128°  30'  W. ; 
collected  by  E.  W.  Best  and  D.  L.  Barss,  \96\.  Hypotypes  2-8,  GSC  16995-17001  (see  Plates  69  and  70), 
previously  TOCLDlOl/?,  /,  k-n,  z,  top  30  feet  of  the  exposed  part  of  the  Hume  Formation,  East  Moun- 
tain, NWT,  about  65°  41'  N. ; 128°  42'  W.;  collected  by  A.  E.  H.  Pedder,  1959.  Hypotype  9,  GSC  17002 
(Plate  69,  figs.  1-5;  Plate  70,  figs.  11,  12),  previously  TOCL  G100976,  40  to  65  feet  below  the  top  of  the 
Nahanni  Formation,  south-west  Mackenzie  Plain,  NWT,  62°  06'  N.,  1 24°  39'  W.,  collected  by  D.  Mason, 
1960. 

Additional  material.  Eighteen  specimens  from  nine  localities  in  either  the  Hume,  Nahanni,  or  Headless 
Eormations  in  the  NWT  have  been  studied. 

Description  of  hypotypes.  All  the  available  specimens  are  parts  of  large  fasciculate 
coralla;  the  largest  examples  seen  in  the  field  were  about  50  cm.  in  diameter  and 
more  than  40  cm.  high.  The  exteriors  of  the  hypotypes  are  concealed  by  matrix. 

Transverse  sections.  The  adult  corallites  are  subcircular  and  between  9-0  and  17-0  mm. 
in  diameter.  Adjacent  corallites  are  either  up  to  about  10-0  mm.  apart,  or  in  contact, 
but  the  coral  never  approaches  a cerioid  form.  In  well  preserved  specimens  the  epitheca 
is  continuous  and  is  from  0-4  to  0-7  mm.  thick ; it  is  composed  of  septal  ends  embedded 
in  lamellar  tissue.  The  septa  are  either  subradially  arranged,  or  more  typically  tend  to 
be  bilaterally  symmetrical;  they  are  much  reduced  and  although  there  are  major  and 
minor  septa,  the  differentiation  is  irregular,  not  alternate.  Typically  the  septa  are  with- 
drawn both  axially  and  peripherally;  some  are  reduced  to  fusiform  or  beaded  strands 
(as  seen  in  transverse  sections),  others  are  represented  by  single  monacanths;  in  extreme 
cases  individual  septa  consist  merely  of  ridges  on  the  interior  of  the  epitheca.  Some  septa 
appear  to  be  rhopaloid,  but  this  is  due  to  the  sections  cutting  obliquely  across  the  mona- 
canths. Where  developed  the  septa  are  moderately  thick.  There  are  normally  between 
28  and  42  septa  in  the  central  part  of  adult  corallites.  The  peripheral  traces  of  the  septa 
in  the  epitheca  are  more  numerous  than  the  septa  in  the  central  region,  but  are  not 
present  around  the  entire  lumen  of  any  of  the  corallites  in  the  hypotypes.  The  dissepi- 
ments are  large  and  some  bear  monacanths. 

Longitudinal  sections.  In  some  specimens  the  epitheca  is  subparallel,  but  in  others  it 
is  markedly  bent  over  constrictions  and  expansions  of  the  corallite.  The  dissepiments 
are  lonsdaleoid  and  are  from  one  to  about  four  deep  in  the  dissepimentarium.  The 
tabulae  are  moderately  closely  spaced  and  may,  or  may  not,  be  complete.  At  the 
periphery  of  the  tabularium  some  of  the  dissepiments  are  steeply  inclined,  but  true 
tabellae  are  absent.  Most  of  the  tabulae  sag  axially.  Monacanths  are  present  in  both 
the  dissepimentarium  and  tabularium  and  can  be  seen  projecting  from  the  inner  side 
of  the  epitheca;  they  are  upwardly  and  inwardly  directed  at  a low  angle  to  the  horizontal. 
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Remarks.  As  Lenz’s  identification  suggests,  this  species  is  very  close  to  SociophyUum 
elongatum  (Schliiter);  in  fact  some  of  the  Canadian  specimens  are  almost  indistinguish- 
able from  the  Pelm  examples  of  S.  elongatum  figured  by  Ma  (1937,  pi.  6,  figs.  2a,  b; 
1956,  pi.  8,  figs.  3a,  b).  The  average  diameter  of  the  corallites  and  the  number  of  septa 
are  less  in  S.  elongatum,  but  in  these  respects  there  is  considerable  overlap,  and  more 
reliable  distinctions  appear  to  lie  in  the  more  crowded  and  more  obviously  bilateral 
arrangement  of  the  septa  in  S.  elongatum  and  in  the  more  continuous  development  of 
the  septa  in  S.  elongatum,  especially  in  the  tabularium. 

There  are  some  resemblances  between  S.  glomerulatum  and  S.  longiseptatum  (Bul- 
vanker),  which  occurs  in  the  Mamontovo,  Kerlegesh,  and  Safonova  Beds  (Eifelian- 
Givetian)  of  the  Kuznets  Basin,  but  the  Russian  species  has  well-developed  septa  and  a 
much  narrower  dissepimentarium  with  smaller  dissepiments. 

The  species  is  transferred  to  Soeiophyllum  because  it  is  a fasciculate  species  of  the 
Stringophyllidae. 

Family  disphyllidae  Hill 
Genus  radiastraea  Stumm  1937 

Type  species  {original  designation).  R.  arachne  Stumm  1937,  pp.  439,  440,  pi.  53,  fig.  13;  pi.  55,  figs.  8o, 
6;  figures  reproduced  by  Stumm  1949,  pi.  16,  figs.  9-11;  1955,  card  232.  Nevada  Limestone,  in  beds 
now  referred  to  the  pinyonensis  Zone  (Emsian),  Lone  Mountain,  18  miles  north-west  of  Eureka. 
Nevada. 

Diagnosis.  Massive  asteroid  to  thamnasterioid  tetracorals.  The  calices  are  shallow  and 
normally  lack  exsert  rims.  The  calicular  platforms  are  almost  flat,  although  the  upper 
edges  of  the  septa  are  slightly  elevated  at  their  peripheral  extremity,  so  that  the  limits  of 
the  individual  corallites  are  distinct  even  though  the  coral  is  not  cerioid.  The  septa  are 
thin  to  moderately  thick  and  may,  or  may  not,  bear  zigzag  carinae.  They  are  undifferen- 
tiated in  the  dissepimentarium,  but  in  the  tabularium  there  is  a clear  differentiation  into 
major  and  minor  septa;  the  latter  extend  only  a short  distance  into  the  tabularium;  the 
former  terminate  near  the  axis.  The  trabeculae  are  directed  upwardly  and  inwardly  in 
the  tabularium  and  inner  part  of  the  dissepimentarium,  but  towards  the  outer  part  of 
the  dissepimentarium  they  become  almost  vertical.  The  dissepiments  are  globose  and 
generally  of  moderate  size,  becoming  smaller  and  more  steeply  inclined  at  the  margin 
of  the  tabularium.  Tabellae  are  present  and  the  tabulae  are  commonly  very  incomplete 
and  tend  to  be  axially  domed. 

Remarks.  Stumm  proposed  the  genus  principally  because  he  originally  believed  its  type 


EXPLANATION  OF  PLATE  71 

All  figures  X 3. 

Figs.  1-5.  Radiastraea  verriUi  (Meek).  1,  2,  Transverse;  3,  longitudinal  sections  of  hypotype  3,  GSC 
16981,  Nahanni  Formation.  4,  5,  Longitudinal  and  transverse  sections  of  hypotype  2 (also  topotype), 
GSC  16983,  Hume  Eormation. 

EXPLANATION  OF  PLATE  72 

All  figures  X 3. 

Figs.  1-3.  Radiastraea  arachne  Stumm.  1,  2,  Longitudinal,  3,  transverse  sections  of  hypotype  1 (also 
topotype),  USNM  128014,  Nevada  Eormation. 

Figs.  4,  5.  Radiastraea  verrUli  (Meek).  4,  5,  Longitudinal  and  transverse  sections  of  hypotype  1 (also 
topotype),  GSC  16982,  Hume  Formation. 


Palaeontology,  Vol.  7 


PLATE  65 


PEDDER,  Devonian  corals 


Palaeontology,  Vol.  7 


PLATE  66 


PEDDER,  Devonian  corals 


Palaeontology,  Vol.  7 


PLATE  67 


PEDDER,  Devonian  corals 


Palaeontology,  Vol.  7 


PLATE  68 


. '"'i 


4 , . '-a  < --  1^'^  -S!  V *«-  ■ , .' f 

*-  •»**•  / i -t.  i&i.'  '1.  r • - ^ 


PEDDER,  Devonian  corals 


Palaeontology , Vol.  7 


PLATE  69 


REDDER,  Devonian  corals 


Palaeontology,  Vol.  7 


PLATE  70 


PEDDER,  Devonian  corals 


Palaeontology,  VoL  7 


PLATE  71 


PEDDER,  Devonian  corals 


Palaeontology,  Vol.  7 


PLATE  72 


PEDDER,  Devonian  corals 


A.  E.  H.  PEDDER:  CANADIAN  DEVONIAN  CORRELATIONS 


447 


species  to  possess  a tubular  axial  wall.  Later  (1949,  p.  35),  however,  he  corrected  this 
misinterpretation  of  the  septal  ends  and  suppressed  Racliastraea  as  a synonym  ofBiUiiigs- 
astraea.  Unfortunately  Billingsastraea  (Grabau  1917,  p.  957)  is  based  on  Pliillipsastrea 
vemeuili  Edwards  and  Haime  (1851,  pp.  447,  448,  pi.  10,  hg.  5),  which  in  turn  is  founded 
on  a single  drift  specimen  that  has  never  been  sectioned.  The  position  is  aggravated  by 
the  lack  of  agreement  on  the  interpretation  of  the  genus.  Thus  Stumm  (1949)  regarded 
it  as  a senior  synonym  of  Racliastraea,  but  Elders  and  Stumm  (1951,  1953)  assigned  to 
it  species  which  I regard  as  constituting  a compound  HeliophyUwn-WkQ  genus.  Schouppe 
(1958),  on  the  other  hand,  used  Billingsastraea  for  species  of  ' Pseiidoacervularia'  sensu 
Rozkowska  (1953).  The  resolution  of  this  problem  must  await  knowledge  of  the  interior 
of  the  holotype  of  B.  vemeuili,  but  letters  to  the  institution  reputed  to  possess  this 
specimen  remain  unanswered.  In  the  meantime  the  obvious  course  is  provisionally  to 
interpret  B.  vemeuili  on  specimens  assigned  to  it  by  Ehlers  and  Stumm  (1953,  pp.  2, 
3,  pi.  1,  figs.  1-3).  These  match  the  original  description  as  far  as  it  goes  and  in  the  sense 
that  they  come  from  the  Bois  Blanc  Formation  (Onondagan)  of  Michigan  and  Ontario 
(the  likely  source  of  the  holotype),  are  the  nearest  specimens  to  topotypes  available.  With 
this  interpretation  the  distinction  between  Racliastraea  and  Billingsastraea  lies  in  the 
dissepimentarium.  The  dissepiments  in  Billingsastraea  are  very  uneven  in  size  and 
appear  to  bear  septal  crests,  whereas  in  the  other  they  are  of  the  normal  disphyllid  type. 

Taimyrophyllum  resembles  Racliastraea,  but  the  resemblance  is  believed  to  be  due  to 
homoeomorphy  rather  than  to  indicate  close  phylogenetic  relationship.  In  Taimyro- 
phyllum the  septa  differ  in  having  twisted  and  carinate  axial  ends  and  the  tabulae  are 
more  complete  and  tend  to  sag  axially. 

Types.  Three  topotype  specimens  of  Racliastraea  aracime  are  figured  on  Plates  72  and  73.  They  are: 
Hypotype  1,  USNM  128014  (Plate  72,  figs.  1-3;  Plate  73,  fig.  2),  basal  300  to  400  feet  of  the  Nevada 
Formation,  Lone  Mountain,  18  miles  north-west  of  Eureka,  Nevada;  collected  by  E.  Kirk.  Hypotype  2, 
USNM  135680  (Plate  73,  figs.  3,  4),  basal  500  feet  of  the  Nevada  Formation,  locality  and  collector  as 
above.  Hypotype  3,  GSC  17541  (Plate  73,  figs.  1,  5),  pinyonensis  Zone  of  the  Nevada  Formation,  same 
locality  as  above,  obtained  for  the  writer  by  Dr.  J.  G.  Johnson,  who  kindly  allowed  it  to  be  presented 
to  the  Geological  Survey  of  Canada.  A transverse  peel  of  another  topotype  specimen  has  been  figured 
by  Merriam  1940,  pi.  13,  fig.  5. 


Racliastraea  verrilli  (Meek  1867) 

Plate  71,  figs.  1-5;  Plate  72,  figs.  4,  5 
1867  Sinithia  verrilli  Meek,  pp.  83,  84,  pi.  11,  figs.  1-lb. 

1901  Phillipsastraea  verrilli  (Meek);  Lambe  (/7f//7/V«),  pp.  167,  168,  non  figs,  (includes  Phillips- 
astrea  nevadensis,  ‘P’  wliittakeri  and  "Billingsastraea'  spp.) 

1945  Phillipsastraea  verrilli  (Meek);  Smith,  pp.  38,  39,  pi.  19,  figs.  2a-c\  pi.  23,  fig.  1. 

1950  Phillipsastraea  verrilli  (Meek);  Bassler  (purtm;),  p.  168  only. 

?1949  Phillipsastraea  verrilli  (Meek);  Warren  and  Stelck,  p.  141. 

71950  Phillipsastraea  verrilli  (Meek);  Warren  and  Stelck,  p.  75. 

1955  Phillipsastraea  verrilli  (Meek);  Stumm,  cards  226,  227. 

71956  Racliastraea  aracime  Stumm;  Warren  and  Stelck,  pi.  1,  fig.  8. 

71956  Phillipsastraea  verrilli  (Meek);  Warren  and  Stelck,  pi.  3,  fig.  3. 

1960  Billingsastraea  verrilli  (Meek);  Crickmay,  pp.  6,  7,  pi.  3,  fig.  5;  pi.  4,  fig.  1. 

1961  Billingsastraea  verrilli  (Meek);  Lenz,  pp.  504,  505,  pi.  3,  figs.  4,  5. 

non  1940  Phillipsastraea  verrilli  (Meek);  Stumm,  p.  66,  pi.  7,  fig.  12;  pi.  8,  figs.  14u,  b { — 1 
Pliillipsastrea  sp.). 

non  71958  Phillipsastraea  verrilli  (Meek);  Sun,  p.  20,  pi.  11,  fig.  4 (indeterminate). 

C 2242  G g 
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Types.  The  lectotype  (Smith  1945,  p.  39)  is  USNM  140316  and  was  figured  by  Meek  1867,  pi.  11,  figs. 
l-lb\  Smith  1945,  pi.  23,  fig.  1;  Stumm  1955,  cards  226,  227.  Presumably  it  was  collected  from  the 
Hume  Formation.  In  one  place  Smith  (1945,  p.  39)  states  that  it  came  from  Anderson  River  and  in 
another  (1945,  legend  pi.  23)  from  the  Porcupine  River.  The  museum  label  indicates  that  it  is  from 
Anderson  River,  NWT. 

Faralectotype,  USNM  type  lot  1169,  also  BM  R28675,  figured  by  Smith  1945,  pi.  19,  figs.  2a-c\ 
Stumm  1955,  card  221.  Also  presumably  Hume  Formation,  Anderson  River,  NWT.  Hypotypes  1,  2, 
GSC  16982  (Plate  72,  figs.  4,  5),  GSC  16983  (Plate  71,  figs.  4,  5),  previously  TOCL  D15/,  e,  respec- 
tively, Hume  Formation,  Anderson  River,  NWT,  about  68°  30'  N.,  127°  25'  W.;  collected  by  A.  E.  H. 
Pedder,  1959.  Hypotype  3,  GSC  16981  (Plate  71,  figs.  1,  2),  previously  TOCL  G9095fl,  30  to  40  feet 
below  the  top  of  the  Nahanni  Formation,  Deceiver  Creek,  NWT,  about  62°  19'  N.,  123°  37'  W.; 
collected  by  E.  O’bertos,  1960. 

Additional  material.  A total  of  forty-seven  specimens  from  fifteen  localities  in  the  Hume,  Nahanni, 
and  Headless  Formations  has  been  studied. 

Description  of  hypotypes.  An  astreoid  tetracoral.  Hypotype  1 is  complete  and  between 
80  and  90  mm.  in  diameter  and  40  mm.  high;  the  other  hypotypes  are  larger  but  were 
incompletely  collected.  The  calices  have  the  form  of  a shallow  crater;  the  largest  are 
between  3-5  and  4-5  mm.  in  diameter  at  the  rim  and  between  0-5  and  1-5  mm.  deep;  the 
axes  of  adjacent  adult  corallites  are  between  7-0  and  12-0  mm.  apart.  The  calicular  rims 
are  slightly  elevated  above  the  calicular  platforms,  which  gently  slope  away  from  the 
calices.  The  upper  edges  of  the  septa  are  denticulate  and  prominently  elevated  over  the 
calicular  platforms,  but  are  smooth  and  less  elevated  within  the  calices. 

Transverse  sections.  The  septa,  which  are  differentiated  only  in  the  tabularium, 
number  from  28  to  32;  in  places  they  are  thin  and  smooth,  but  throughout  most  of  the 
dissepimentarium  they  are  moderately  thick  and  carinate.  The  carinae  are  most  com- 
monly of  the  zigzag  type,  but  a few  are  opposed.  The  peripheral  ends  of  the  septa  are 
either  free,  or  more  commonly  contratingent,  or  confluent  with  those  of  adjacent  septa ; 
in  the  latter  case  the  contact  is  generally  angular.  On  entering  the  tabularium  the  septa 
become  thinner  and  smooth.  Some  of  the  major  septa  extend  beyond  the  axis  of  the 
corallite,  others  terminate  at,  or  short  of  it;  their  axial  ends  may  be  free,  or  contratingent, 
and  may  be  curled,  but  there  is  no  axial  vortex.  The  minor  septa  have  a very  short  thin 
axial  part  and  only  just  protrude  into  the  tabularium.  Dissepiments  are  abundant, 
especially  near  the  margin  of  the  tabularium,  where  they  appear  more  numerous  because 
of  their  greater  inclination. 

Longitudinal  sections.  The  dissepiments  are  globose  to  broadly  arched;  throughout 
most  of  the  dissepimentarium  they  are  more  or  less  horizontally  disposed  and  are  mostly 
less  than  1 -0  mm.  long,  but  close  to  the  tabularium  they  are  smaller  and  more  steeply 
inclined.  Tabellae  are  present  in  some  parts  of  the  tabularium.  The  tabulae  are  closely 
spaced  and  markedly  incomplete.  The  trabeculae  are  upwardly  and  inwardly  directed 
and  are  slightly  divergent. 

Remarks.  In  general  dimensions  and  septal  count  R.  verrilli  is  similar  to  R.  arachne.  The 
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All  figures  x 3. 

Figs.  1-5.  Radiastraea  arachne  Stumm,  Nevada  Formation.  1,  5,  Longitudinal  and  transverse  sections 
of  hypotype  3 (also  topotype),  GSC  17541.  2,  Longitudinal  section  of  hypotype  1 (also  topotype), 
USNM  128014.  3,  4,  Longitudinal  and  transverse  sections  of  hypotype  2 (also  topotype),  USNM 
135680. 
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main  distinction  between  the  species  is  in  the  septa,  which  in  R.  verrilli  are  consistently 
more  dilated  and  carinate  in  the  dissepimentarium.  In  addition  there  are  differences  in 
the  dissepimentaria  of  the  two  species,  which  were  kindly  brought  to  the  writer’s  atten- 
tion by  Dr.  W.  A.  Oliver.  In  R.  aracime  the  calicular  platforms  tend  to  slope  downwards 
peripherally,  whereas  in  R.  verrilli  they  are  flatter.  This  is  reflected  in  the  arrangement 
of  the  dissepiments,  which  in  R.  verrilli  are  more  horizontally  disposed  in  the  marginal 
and  periaxial  parts  of  the  dissepimentarium. 

Warren  and  Stelck  (1949,  1950)  reported  its  presence  in  the  upper  Hare  Indian 
Formation  of  the  central  Mackenzie  region.  Their  accompanying  faunal  list  suggests 
that  the  assemblage  containing  R.  verrilli  was  obtained,  at  least  partly,  from  the  Hume 
Formation  of  current  nomenclature.  The  species  has  not  been  seen  by  the  writer  in 
beds  younger  than  this  formation. 
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THE  TABULATE  CORAL  GENUS 
CYSTIHALYSITES  FROM  WENLOCK 
AND  DUDLEY 

by  I.  D.  SUTTON 


Abstract.  Examination  of  halysitid  corals  from  the  Wenlock  Limestone  of  Shropshire  and  Worcestershire  has 
revealed  a number  of  colonies  with  large  corallites.  These  are  referred  to  Cystihalysites,  a genus  which  has  not 
previously  been  recorded  from  Britain.  Its  diagnosis  is  discussed,  and  two  new  species  C.  westwoodensis  and 
C.  blakewayeiisis  are  described. 

During  the  course  of  a revision  of  Wenlockian  tabulate  corals  from  Wenlock  and 
Dudley  it  has  been  found  that  a number  of  halysitid  specimens  can  be  referred  to 
Cystihalysites  Tchernychev  1941.  In  all  probability  similar  specimens  have  been  previ- 
ously referred  to  the  species  Halysites  catemilarius  (Linn.).  Nicholson  (1879,  p.  228, 
pi.  xi,  fig.  la)  figured  a specimen  which  he  called  Halysites  catenularia,  possessing 
corallites  of  unusually  large  size,  the  mesocorallites  with  subvesicular  tabulae. 
Thus  this  specimen  appears  to  belong  to  Cystihalysites.  No  other  description  of  these 
large  forms  of  the  Halysitidae  has  been  found.  Two  new  species  of  this  genus  have  so 
far  been  collected  from  the  Wenlock  Limestone,  and  are  named  C.  westwoodensis  and 
C.  blakewayensis.  The  figured  specimens  in  this  paper  are  referred  to  by  their  Register 
Numbers  in  the  British  Museum  (Natural  History). 

Genus  cystihalysites  Tchernychev  1941. 

1941  Cystihalysites,  Tchernychev,  p.  70,  pi.  ii,  5-7,  pi.  iii,  1-6. 

1956  Cystihalysites,  Duncan,  p.  222,  pi.  27,  3 a-f- 

1957  Cystihaiysites,  Hamada,  p.  397. 

1962  Cystihalysites,  Norford,  p.  34,  pi.  x,  1-8,  xi,  1-9. 

Type  species.  Cystihalysites  mirabilis  Tchernychev  1941,  p.  70,  pi.  ii,  figs.  5-7,  pi.  iii,  figs.  1-6.  Middle 
course  of  the  Khandyga  River,  E.  Verkhojanie.  Upper  Silurian. 

Original  Diagnosis.  The  following  is  a translation  from  the  Russian  of  Tchernychev’s 
(1941,  p.  70)  diagnosis. 

‘Coralla  consisting  of  long  dimorphic  corallites  joined  laterally  and  forming  longitudi- 
nally furrowed  palisades,  one  corallite  thick,  which  are  curved  and  joined  forming  a 
colony  as  in  the  genus  Halysites.  In  transverse  section  the  corallites  are  almost  rounded  or 
elliptical.  Internally  arranged  between  each  pair  of  such  corallites,  with  their  numerous 
transverse  tabulae,  is  one  rectangular  mesocorallite  with  vesicular  tabulae  resembling 
vesicular  tissue.  On  the  convex  side  of  the  vesicles,  spines  of  the  same  type  as  the  aculae 
[the  vertical  elements  arising  from  the  convex  side  of  the  domed  plates  of  the  coenen- 
chyme]  of  Propora  are  found.  Walls  are  without  pores.  On  the  walls  on  the  inside  of  the 
autocorallites  small  vesicles  are  arranged  which  also  bear  sparse  aculae.  The  spines  on 
the  inside  of  the  autocorallites  are  sparse  and  weakly  developed  and  are  absent  on  the 
inside  of  the  mesocorallite.  Reproduction  by  budding.’ 

[Palaeontology,  Vol.  7,  Part  3,  1964,  pp.  452-7,  pi.  74.] 
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Hamada  (1957),  in  his  classification  of  the  Halysitidae,  stated  that  Cyslihalysites  was 
aseptate  and  also  possessed  incomplete  tabulae  in  the  mesocorallites.  Unfortunately  he 
did  not  have  access  to  Tchernychev’s  paper,  which  is  itself  slightly  misleading,  for  al- 
though Tchernychev  stated  in  the  diagnosis  of  the  genus  that  the  tabulae  of  the  mesocoral- 
lites were  cystose,  he  mentioned  complete  highly  convex  tabulae  locally  present  in  the 
mesocorallites  of  C.  mirabilis. 

Tchernychev  (1941,  p.  70)  noted  that  spines  were  sparsely  developed  on  the  walls  of 
the  autocorallites.  These  are  possibly  septal  structures,  for  Norford  (1962,  p.  36,  pi.  xi, 
fig.  2)  recorded  septal  spines  in  a species  of  CystHialysites  from  the  Sandpile  Group 
(Silurian)  of  Canada,  and  septal  spines  are  also  present  in  C.  blakewayensis,  one  of  the 
British  Wenlock  species. 

Tchernychev  (1941)  described  the  presence  of  cystose  tabulae  lining  the  inside  of  the 
autocorallite  wall,  and  stated  it  to  be  a characteristic  of  the  genus.  Norford  (1962,  p.  36) 
noted  that  it  was  present  in  only  one  corallum  of  his  Cyslihalysites  sp.  2 and  suggested 
that  it  is  an  inconstant  character  within  the  genus.  In  both  the  new  species  here  described 
only  rarely  is  there  any  indication  of  such  tabulae  and  then  only  on  parts  of  the  auto- 
corallites bordering  the  mesocorallites. 

In  his  drawings  of  C.  mirabilis  Tchernychev  (1941,  pi.  iii,  figs.  2-6)  showed  a distinct 
wall  separating  the  mesocorallites  and  autocorallites.  Many  species  of  the  genus,  how- 
ever, have  been  shown  to  possess  no  distinct  wall  between  the  two  types  of  corallites 
(Norford  1962,  p.  35),  but  have  a boundary  built  up  by  the  sides  of  the  convex  tabulae 
of  the  mesocorallites  bending  down  to  lie  on  the  sides  of  underlying  tabulae  (PI.  74, 
fig-  7). 

Spines  on  the  convex  side  of  the  mesocorallite  tabulae  in  Cystihalysites,  similar  to  the 
aculae  of  Propora,  described  by  Tchernychev  (1941),  do  not  occur  in  the  two  species  to 
be  described.  They  have  not  been  noted  by  other  authors  in  species  of  Cystihalysites, 
suggesting  that  this  is  not  a common  character  within  the  genus. 

Emended  Diagnosis.  Coralla  consisting  of  long  dimorphic  corallites  joined  laterally  into 
chains  which  divide  and  anastomose  to  form  fenestrules.  In  transverse  section  the  auto- 
corallites are  rounded  or  elliptical,  separated  by  rectangular  mesocorallites.  Tabulae  of 
the  autocorallites  usually  complete,  occasionally  incomplete.  Tabulae  of  the  mesocoral- 
lites incomplete  and  vesicular,  or  highly  convex  upwards.  Septal  spines  sometimes 
present.  Boundary  between  autocorallites  and  mesocorallites  formed  either  by  the 
tabulae  of  the  mesocorallites,  or,  less  commonly,  by  a true  wall  separating  the  two  coral- 
lites. Vesicles  on  the  inside  of  autocorallite  walls  occasionally  present.  Increase  interstitial 
and  peripheral. 

Cystihalysites  westwoodensis  sp.  nov. 

Plate  74,  figs.  1,  2 

Name.  From  the  locality  of  the  holotype. 

Holotype.  R44889.  Quarry  on  the  south  side  of  the  Church  Stretton-Much  Wenlock  road,  100  yds. 
east  of  Stretton  Westwood  Methodist  Church,  Stretton  Westwood,  Shropshire.  Grid  Ref.  598987, 
Ordnance  Survey  1-inch  Sheet  129. 

Diagnosis.  Cystihalysites  possessing  very  large  autocorallites  averaging  2-61  mm.  in 
longer  transverse  axis  and  3-33  mm.  in  external  width,  and  the  mid-points  of  consecu- 
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tive  autocorallites  averaging  3-7  mm.  apart.  Mesocorallites  large  with  mean  measure- 
ments 1-0  mm.  (width)  X 1-11  mm.  and  with  vesicular  to  subvesicular  tabulae. 

Description.  This  species  is  invariably  represented  by  specimens  with  few  corallite  chains, 
apparently  broken  parts  of  larger  coralla.  None  show  the  shape  of  the  fenestrules, 
but  there  are  indications  in  the  holotype  that  they  are  rectangular.  Some  of  the  chains 
are  long  with  up  to  eight  or  more  corallites  in  them.  The  epitheca  shows  fine  growth 
lines  with  between  fifteen  and  twenty  to  the  mm.  and  coarser  growth  lines  with  varied  ' 
separation  from  each  other,  averaging  just  under  1 per  1 mm.  The  increase  of  the  coral- 
lites is  interstitial  and  peripheral,  peripheral  being  dominant.  The  corallites  attain  maxi- 
mum diameter  in  about  1 mm.  growth.  | 

Transverse  sections.  The  autocorallite  and  mesocorallites  alternate.  The  autocorallites 
are  large  with  their  lumen  almost  circular,  but  elongated  slightly  along  the  lengths  of  | 
the  chains,  with  the  dimensions  of  the  holotype  averaging  3-33  mm.  in  width  (external  ‘ 
measurement)  by  2-61  mm.  in  the  longer  transverse  axis,  and  3-7  mm.  from  mid-point 
of  one  autocorallite  to  mid-point  of  the  next.  The  mesocorallites  are  rectangular  in  trans- 
verse section,  and  average  measurements  are  TOO  mm.  x Ml  mm.  (internal  measure- 
ments), being  elongated  slightly  along  the  lengths  of  the  chains.  The  outer  walls  of  the 
holotype  average  0-5  mm.  in  thickness  in  the  autocorallites,  and  048  mm.  in  the  meso- 
corallites, and  have  an  inner  and  outer  layer.  No  septal  spines  were  seen  in  either  type  of 
corallite. 

Longitudinal  sections.  Some  of  the  tabulae  of  the  autocorallites  are  complete  and  hori- 
zontal or  nearly  horizontal,  while  others  are  incomplete  being  bent  sharply  downwards 
to  rest  on  underlying  tabulae.  Three  succeeding  tabulae  may  be  bent  downwards  to  meet 
the  same  underlying  tabula  (PI.  74,  fig.  1).  In  the  holotype  the  tabulae  have  a mean  separa-  [ 
tion  of  T03  mm.  from  each  other.  The  tabulae  of  the  mesocorallites  are  vesicular  or 
subvesicular.  No  true  wall  occurs  between  the  mesocorallites  and  the  autocorallites. 


EXPLANATION  OF  PLATE  74 

Figs.  1 and  2,  Cystihalysites  westwoodemis  sp.  nov.  1,  R44891,  Wenlock  Limestone,  Dudley.  Longi- 
tudinal section  showing  incomplete  tabulae  in  the  autocorallites  and  vesicular  tabulae  in  the  meso- 
corallites, X 8.  2,  R44889,  holotype.  Transverse  section  showing  shape  of  corallites,  vesicular 

tabulae  in  the  mesocorallites  and  wall  thickness,  X 8. 

Figs.  3-7,  Cystihalysites  blakewayensis  sp.  nov.  3,  R44890,  holotype.  Transverse  section  showing 
shape  of  lacunae,  X 3.  4,  R44890,  holotype.  Transverse  section  showing  shape  of  corallites,  wall 

thickness  and  the  tabulae  of  the  mesocorallites,  X 8.  5,  R44892.  Wenlock  Limestone,  Stretton  West- 

wood,  Shropshire.  Longitudinal  section  which  at  the  top  right  passes  very  close  to  a wall,  where  the 
septal  spines  are  shown  in  cross  section  as  small  dots.  In  the  other  autocorallite,  vesicles  on  the  margin 
of  the  wall  are  shown  in  one  part,  X 8.  6,  R44893.  Wenlock  Limestone,  Stretton  Westwood, 

Shropshire.  Transverse  section  through  corallites  infilled  with  sediment,  showing  occasional  septal 
spines,  X 8.  7,  R44890,  holotype.  Longitudinal  section  showing  concave  up  tabulae  in  the  auto- 

corallites, highly  convex  tabulae  in  the  mesocorallites,  and  boundary  between  the  autocorallites  and 
mesocorallites  formed  by  mesocorallite  tabulae,  x 8. 


Palaeontology , Vol.  7 


PLATE  74 


SUTTON,  Cystihalysites 


V 


I.  D.  SUTTON:  CYSTIHALYSITES  FROM  WENLOCK  AND  DUDLEY 


455 


but  the  margins  of  the  vesicular  tabulae  bend  down  and  lie  on  the  sides  of  the  underlying 
tabulae  to  form  a boundary  between  the  two  types  of  corallite. 

Distribution.  This  species  has  been  collected  from  the  Wenlock  Limestone  of  Wenlock 
Edge  and  Dudley. 


TEXT-FIG.  1.  Diagram  showing  the  size  ranges  of  the  autocorallites  of  Cystihalysites  westwoodeusis  and 
C.  blakewayensis. 

D = Longer  transverse  axes  of  the  autocorallites 
d = External  width  of  autocorallites 
o = Corallites  of  specimens  of  C.  westwoodeusis 
x = Corallites  of  specimens  of  C.  blakewayensis 
• = Means  of  each  corallum 

Discussion.  C.  westwoodensis  differs  from  C.  magnituhus  (Buehler  1955,  p.  68,  pi.  2, 
figs.  1-3)  in  the  incomplete  tabulae  of  the  autocorallites,  the  tabulae  of  the  smaller 
mesocorallites  being  more  vesicular,  and  in  the  greater  thickness  of  the  outer  wall  of  the 
corallites,  which  averages  0-20  mm.  in  C.  magnitubus  according  to  Norford(1962,  p.  34). 
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TABLE  1 

Statistics  of  the  Holotype  of  Cystihalysites  westwoodensis 


Character 

Mean  (mm.) 

Range  (mm.) 

Var.  (mm.) 

No. 

External  width  of  Autocorallites 

3-33 

3-11-3-58 

0-0263 

7 

Longer  transverse  axes  of  Autocorallites  . 

2-61 

2-50-2-87 

0-0408 

7 

Distance  apart  of  mid-points  of  Autocorallites 

3-70 

3-25M-16 

0-0974 

7 

Width  of  Mesocorallites  .... 

TOO 

0-89-M0 

0-0055 

7 

Longer  transverse  axes  of  Mesocorallites  . 

Ml 

1-03-1-24 

0-006 

7 

Thickness  of  Mesocorallite  Walls  . 

0-484 

0-39-0-61 

0-0067 

14 

Thickness  of  Autocorallite  Walls 

0-498 

0-38-0-69 

0-0074 

14 

Separation  of  Autocorallite  Tabulae 

1-03 

0-67-1-54 

0-054 

22 

It  is  hoped  that  it  will  be  possible  to  collect  a number  of  corallafrom  one  locality  to  study  the  variation 
in  characters  from  one  corallum  to  another  at  a given  level,  and  also  to  compare  these  with  similar 
collections  at  different  levels  in  the  Wenlock  Limestone.  At  the  moment  a few  specimens  have  been 
collected  from  various  localities  and  have  been  placed  within  the  species  (text-fig.  1). 

Cystihalysites  blakewayensis  sp.  nov. 

Plate  74,  figs.  3-7 

Name.  From  the  locality  of  the  holotype. 

Holotype.  R44890.  Disused  quarry  on  the  north  side  of  the  Much  Wenlock-Church  Stretton  road,  l 
440  yds.  ENE  of  Stretton  Westwood  Methodist  Church  and  100  yds  S.  of  Blakeway  Coppice,  Wenlock  i|| 
Edge,  Shropshire.  Grid  Ref.  599988,  Ordnance  Survey  1-inch  Sheet  129.  j 

Diagnosis.  Cystihalysites  with  autocorallites  averaging  1-79  mm.  in  longer  transverse 

axis  and  1-7  mm.  in  width;  mesocorallites  with  highly  convex  and  occasionally  sub-  j 

vesicular  tabulae.  Septal  spines  present.  |i 

(. 

Description.  The  corallum  is  large,  the  maximum  height  observed  being  150  mm.  and  , 
width  200  mm.  The  chains  are  long,  formed  of  up  to  fourteen  or  more  corallites,  which 
meander,  divide  and  anastomose  to  give  winding  fenestrules.  Increase  of  the  corallites  ; 
is  interstitial  and  peripheral  with  maximum  dimensions  attained  after  about  1 mm.  of  i 

growth.  The  epitheca  shows  very  close,  fine  growth-lines,  averaging  about  20  to  1 mm.  I 

Transverse  sections.  The  autocorallites  and  mesocorallites  alternate.  The  autocorallites  j 
are  oval  with  elongation  along  the  length  of  the  chains : in  the  holotype  the  axes  average  I 

1 -70  mm.  X 1 -79  mm.,  and  the  mid-points  of  consecutive  autocorallites  average  2-27  mm.  ! 

apart.  The  mesocorallites  are  quadrangular  with  mean  ineasurements  of  047  mm. 
(width)  x046  mm.,  though  their  size  varies  considerably  from  one  to  another  (Table  2).  | 

The  outer  walls  of  the  autocorallites  and  mesocorallites  average  0-20  mm.  in  thickness,  ! 
and  consist  of  an  inner  and  an  outer  layer.  Some  autocorallites  show  septal  spines  (PI.  74, 
fig.  6).  j: 

Longitudinal  sections.  The  tabulae  of  the  autocorallites  are  mainly  complete  and  usually  i; 
slightly  concave  distally  (PI.  74,  fig.  7),  with  an  average  separation  of  0-65  mm.  Those  of  II 
the  mesocorallites  are  strongly  convex  upwards,  or  occasionally  subvesicular,  and,  as  in 
C.  westwoodensis,  bend  down  at  the  corallite  margins  to  meet  the  underlying  tabulae,  i- 

so  forming  a wall  between  the  mesocorallites  and  autocorallites.  Septal  spines  are  well  j; 

seen  in  some  autocorallites  (PI.  74,  fig.  5). 
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Distribution.  This  species  has  been  collected  from  the  Wenlock  Limestone  of  Wenlock 
Edge. 

Discussion.  This  species  differs  from  C.  westwoodensis  in  the  smaller  size  of  both  the 
autocorallites  and  mesocorallites,  in  possessing  complete  tabulae  which  are  slightly 
concave  distally  in  the  autocorallites,  in  the  less  vesicular  tabulae  of  the  mesocorallites, 
and  in  possessing  septal  spines.  It  differs  from  C.  mirabilis  Tchernychev  (1941,  p.  70)  in 
not  having  a proper  wall  between  the  autocorallites  and  mesocorallites. 

TABLE  2 

Statistics  of  the  Holotype  of  Cystihalysites  blakewayensis 


Character 

Mean  (mm.) 

Range  (mm.) 

Var.  (mm.) 

No. 

External  width  of  Autocorallites 

L70 

1-49-1-92 

0-0123 

14 

Longer  transverse  axes  of  Autocorallites 

L79 

1-63-2-03 

0-0131 

12 

Distance  apart  of  mid-points  of  Autocorallites 

2-27 

2-10-2-50 

0-0121 

14 

Width  of  Mesocorallites  .... 

0-47 

0-39-0-61 

0-0051 

10 

Longer  transverse  axes  of  Mesocorallites 

0-465 

0-30-0-57 

0-0069 

10 

Thickness  of  Mesocorallite  Walls  . 

0-199 

0-16-0-25 

0-0012 

14 

Thickness  of  Autocorallite  Walls 

0-203 

0-16-0-27 

0-0014 

14 

Separation  of  Autocorallite  Tabulae 

0-65 

0-33-1-03 

0-029 

22 

It  has  not  proved  possible  to  carry  out  statistical  studies  on  populations  of  this  species 
owing  to  the  restricted  nature  of  the  collections,  but  these  are  sufficient  to  indicate  a 
rather  limited  size  range  (text-fig.  1).  Nevertheless,  it  is  eventually  hoped  that  sufficient 
material  will  become  available  for  the  complete  study  of  this  species.  Population  studies 
of  this  kind  are  scarce  but  they  could  become  highly  important  in  taxonomic  studies  of 
the  tabulate  corals. 
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ESTAINGIA,  A NEW  TRILOBITE  GENUS  FROM 
THE  LOWER  CAMBRIAN  OF  SOUTH  AUSTRALIA 

by  K.  j.  pococK 


Abstract.  Estaingia  bilobata  gen.  et  sp.  nov.  is  described  from  the  upper  Lower  Cambrian  Emu  Bay  Shale  of 
Kangaroo  Island,  South  Australia.  The  genus  resembles  the  Siberian  genera  Lennontovia  Suvorova  1956,  and 
Bergeronielliis  Lermontova  1940,  in  the  morphology  of  the  cephalon  and  thorax,  but  it  differs  markedly  in 
the  structure  of  the  pygidium,  which  is  spinose  and  bilobed;  it  has  tentatively  been  placed  in  the  Paradoxididae. 
The  fauna  of  the  Emu  Bay  Shale  also  includes  new  species  of  Redlichia  and  Isoxys,  and  hyolithids.  The 
palaeoecological  implications  of  the  association  of  Estaingia  with  Redlichia  are  briefly  discussed. 

In  1952  Mr.  R.  C.  Sprigg,  then  of  the  Geological  Survey  of  South  Australia,  discovered 
several  richly  fossiliferous  bands  in  the  Emu  Bay  Shale  at  its  type  locality,  between 
Cape  D’Estaing  and  Emu  Bay  on  the  northern  coast  of  Kangaroo  Island,  South  Australia. 
The  main  constituent  of  the  fauna  is  a trilobite  which  was  originally  compared  with  the 
protolenid  Lusatiops  Richter  and  Richter  (Glaessner,  in  Sprigg  1955),  but  which  is  now 
considered  to  belong  to  a new  genus. 

Subsequent  collections  have  been  made  by  Dr.  M.  F.  Glaessner  and  Dr.  B.  Daily  of 
the  Department  of  Geology  of  the  University  of  Adelaide,  members  of  the  staff  of  the 
South  Australian  Museum,  and  by  the  author.  The  fauna  is  now  known  to  be  present  at 
the  other  known  outcrop  of  the  formation,  near  White  Point.  Collections  from  both 
localities  have  been  studied. 


STRATIGRAPHY 

The  Emu  Bay  Shale  forms  part  of  the  Cambrian  succession  which  outcrops  along  the 
northern  coast  of  Kangaroo  Island,  between  Middle  River  to  the  west,  and  Point  Marsden 
to  the  east  (text-fig.  1).  General  descriptions  of  the  stratigraphy  of  the  area  are  given  by 
Sprigg  (1955),  Daily  (1956),  and  Campana(1957).  The  Emu  Bay  Shale  is  known  definitely 
to  outcrop  at  two  localities  within  this  area;  between  Cape  D’Estaing  and  Emu  Bay, 
9 miles  NW.  of  Kingscote,  the  type  locality,  and  at  ‘Big  Gully’,  near  White  Point, 
7 miles  NNW.  of  Kingscote.  The  formation  consists  of  300-350  feet  of  greyish,  silty 
shales,  in  part  fossiliferous,  and  reddish  siltstones  with  minor  arkoses. 

At  the  type  locality,  the  Emu  Bay  Shale  outcrops  on  the  gently  dipping,  eastern  limb 
of  a faulted  anticline.  It  is  underlain  conformably  by  the  White  Point  Conglomerate, 
a rather  heterogeneous  formation  composed  of  massive  conglomerates  and  interbedded 
and  intertonguing  arkoses,  with  minor  shales  and  mottled  limestones.  The  uppermost 
bed  observed  at  this  locality  consists  of  at  least  20  feet  of  massive  arkose,  the  top  of  which 
is  obscured.  This  bed  is  tentatively  correlated  with  the  lowermost  bed  of  the  Boxing  Bay 
Formation,  which  at  White  Point,  conformably  overlies  the  Emu  Bay  Shale. 

Daily  (1956,  p.  125)  has  reviewed  the  evidence  for  the  limits  of  the  age  of  the  White 
Point  Conglomerate,  primarily  that  afforded  by  fossiliferous  boulders  found  in  its  con- 
glomerate members.  The  boulders,  containing  Archaeocyatha,  are  attributed  to  the 
middle  Lower  Cambrian  Parara  Limestone,  which  outcrops  on  Yorke  Peninsula. 

[Palaeontology,  Vol.  7,  Part  3,  1964,  pp.  458-71,  pis.  75-6.] 
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Accordingly,  the  age  of  at  least  part  of  the  White  Point  Conglomerate  is  post  middle 
Lower  Cambrian.  At  Emu  Bay,  a thin  band  of  calcareous  shale  within  mottled  limestones, 
near  the  top  of  the  formation,  contains  numerous  specimens  of  an  undescribed  trilobite. 
The  same  genus  of  trilobite  has  been  previously  found  on  the  west  side  of  Cape  D’Estaing 
and  at  ‘Big  Gully’  in  the  White  Point  Section  in  equivalent  beds  (Daily  1956,  p.  125). 
However,  the  affinities  and  time  range  of  this  trilobite  are  not  known,  and  it  cannot  be 
used  directly  to  date  the  containing  beds. 


TEXT-FIG.  1.  Index  map  of  localities.  Inset  shows  the  Emu  Bay  area  (black)  in  relation  to  Kangaroo 
Island  and  South  Australia,  a and  b show  the  lines  of  section  through  the  Emu  Bay  Shale  and  White 
Point  Conglomerate,  at  the  two  known  localities. 

The  base  of  the  Emu  Bay  Shale  is  defined  as  at  the  top  of  the  uppermost  conglomerate 
band  found  in  this  part  of  the  sequence.  The  basal  beds  of  the  formation  consist  of  60  feet 
of  dark-grey,  silty  shales  and  flagstones,  the  greater  part  of  which  are  known  to  be  fossili- 
ferous,  containing  the  trilobites  Estaingia  gen.  nov.,  Redlichia  sp.  nov.,  a species  of 
Hyolithes,  a questionable  brachiopod,  and  worm  casts;  tracks  ascribed  to  trilobites  occur 
higher  in  the  formation.  One  bed,  approximately  2 feet  thick,  35  feet  from  the  base  of 
the  formation,  is  richly  fossiliferous,  but  the  rest  of  the  zone  is  only  sparingly  so. 

At  White  Point  the  sequence  is  more  complete  than  at  Emu  Bay,  both  boundaries  of 
the  Emu  Bay  Shale  being  exposed.  The  last  conglomerate  band  directly  referable  to  the 
White  Point  Conglomerate,  is  conformably  overlain  by  a sequence  of  dark,  silty  shales. 
The  basal  40  feet  of  these  shales  are  richly  fossiliferous,  containing  Estaingia  gen.  nov.. 
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Redlichia  sp.  nov.,  Isoxys  sp.  iiov.,  an  unidentified  crustacean,  and  annelids.  The 
fossiliferous  beds  occupy  a similar  stratigraphic  position  to  those  at  Emu  Bay,  and  the 
faunas  are  basically  similar,  with  the  new  trilobite  E.  bilobata  and  the  new  species  of 
Redlichia,  as  common  elements.  The  correlation  of  these  beds  with  the  basal  shales  of 
the  Emu  Bay  Shale  in  the  type  section  therefore  appears  justihed. 


BOXI  NG  B AY 
FORMATION 


EMU  BAY 
SHALE 


WHITE  POINT 
CONGLOMERATE 
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nt ed,  q rd-  sandstone 
siltstone 
silty  shale 
moUled  limestone 


-I  200  FT 


100  FT. 
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TEXT-FIG.  2.  Part  of  the  stratigraphical  succession  of  Cambrian  age  of  Kangaroo  Island.  1,  White  Point 
section.  2,  Type  section  of  Emu  Bay  Shale,  Emu  Bay-Cape  D’Estaing. 


The  uppermost  beds  of  the  Emu  Bay  Shale  are  succeeded  by  a sequence  of  approxi- 
mately 2,000  feet  of  arkoses  and  quartzites,  with  interbedded  shales,  siltstones,  and 
conglomerates.  This  sequence,  which  is  unfossiliferous,  is  known  as  the  Boxing  Bay 
Formation  (Daily  1956). 

The  detailed  lithology  and  thickness  of  the  Emu  Bay  Shale,  and  the  upper  members 
of  the  White  Point  Conglomerate,  at  both  localities,  are  given  in  the  accompanying 
stratigraphic  columns  (text-fig.  2). 

MODE  OF  OCCURRENCE  AND  P AL AEOECOLOGY 

The  fossiliferous  rocks  of  the  Emu  Bay  Shale,  at  the  type  locality,  are  massive,  grey, 
silty  shales  or  fine-grained  siltstones;  limestone  nodules  are  common  throughout,  and 
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the  layering  has  been  disrupted  by  burrowing  organisms.  The  trilobite  remains  are 
preserved  by  replacement  of  the  exoskeletons  with  calcite,  or  occasionally  iron  carbon- 
ates. The  material  consists  largely  of  isolated  cranidia  and  free  cheeks,  and  disarticulated 
thoracic  segments,  but  some  reasonably  complete  specimens  are  found,  and  make  up 
approximately  5 per  cent,  of  the  collection.  The  skeletal  elements  are  unbroken  and 
unabraded  and  lie  mainly,  but  not  entirely,  along  bedding  planes.  An  extensive  size  range 
is  represented  in  the  collections  of  Estaingia  but  although  very  small  holaspids  occur,  no 
meraspids  or  protaspids  have  been  recognized.  Many  specimens  of  Estaingia  show  that 
the  cephalon  has  rolled  forward  over  the  detached  rostral  plate,  and  that  the  librigenae 
are  free,  but  only  slightly  displaced;  this  appears  to  have  been  the  characteristic  mode 
of  moulting  in  this  trilobite. 

The  fossiliferous  zone  at  the  White  Point  locality,  consists  mostly  of  dark-grey  to  black 
silty  shales  having  a relatively  high  iron  content,  in  the  form  of  limonite  secondarily 
replacing  pyrite,  and  a high  percentage  of  organic  matter;  limestone  nodules  are  absent, 
and  the  shales  are  finely  laminated.  The  trilobites  are  preserved  as  tests  replaced  by  calcite, 
but  also  seem  to  serve  as  a locus  of  deposition  for  cryptocrystalline  haematite.  Complete 
exoskeletons  or  articulated  skeletal  elements  constitute  80  per  cent,  of  the  collection. 

It  has  been  noted  previously  that  despite  some  differences  in  composition,  the  faunas 
at  the  two  localities  are  basically  the  same.  The  relative  dominance  of  the  constituents, 
however,  differs;  at  Emu  Bay  Estaingia  and  Hyolithes  are  dominant,  and  Redlichia  is  the 
minor  form,  but  is  persistent  throughout  the  fossiliferous  zone ; at  White  Point,  Redlichia 
and  Isoxys  dominate  the  fauna,  Estaingia  is  a minor,  but  again  persistent,  element,  and 
Hyolithes  is  absent. 

The  evidence  alforded  by  the  lithology  of  the  host  rocks,  and  the  preservation  of  the 
fossils,  suggests  that  the  differences  between  the  faunas  from  the  two  localities  are  due 
to  small  variations  in  the  local  conditions.  The  change  in  environment  seems  to  have  been 
largely  chemical.  The  presence  of  secondary  limonite  and  haematite  (replacing  pyrite) 
and  the  relatively  high  percentage  of  extractible  organic  matter  in  the  rocks  at  White 
Point,  indicate  that  slightly  reducing  conditions  were  operative,  and  suggest  restricted 
circulation  and  oxygen-poor  conditions. 

The  absence  of  breakage  (except  that  caused  by  diagenetic  or  tectonic  processes)  and 
of  abrasion,  indicates  that  little  or  no  transport  of  remains  has  taken  place  at  either 
locality.  Accordingly  at  Emu  Bay  it  is  probable  that  the  exoskeletons  have  been  secon- 
darily disarticulated  and  disturbed  during  the  reworking  of  the  sediments  by  burrowers. 
At  White  Point,  the  reducing  environment,  at  least  within  the  sediment,  was  inimical  to 
the  existence  of  burrowers  and  sediment  feeders,  and  the  remains  consequently  escaped 
disruption. 

The  available  evidence,  both  sedimentary  and  palaeontological,  points  to  Estaingia 
having  been  a benthonic  form,  perhaps  capable  of  short  bursts  of  swimming,  and  feeding 
largely  on  detritus  on  the  sea  ffoor.  Redlichia,  on  the  other  hand,  was  probably  an  efficient 
swimmer,  largely  nektonic  and  predatory  in  its  habits ; the  presence  of  tracks  referable 
to  it  in  sediments  above  and  below  the  fossiliferous  zone,  however,  prove  that  it  spent 
some  of  its  time  crawling  on  the  sea  ffoor.  Such  a mode  of  life  would  render  Redlichia 
susceptible  to  being  trapped  on  the  H.3S  poisoned  bottom  at  White  Point.  Estaingia, 
however,  being  largely  benthonic  would  venture  rarely,  and  by  accident  alone,  into  such 
an  environment.  The  presence  of  Isoxys,  undoubtedly  a swimmer,  and  the  complete 


462 


PALAEONTOLOGY,  VOLUME  7 

absence  of  Hyolithes,  a benthonic  and  probably  sessile  form,  further  suggests  that  the 
assemblage  at  White  Point  accumulated  in  this  manner. 

METHODS  AND  TECHNIQUES 

The  ubiquitous  deformation  presented  many  difficulties  in  reconstruction.  The  method 
developed  by  Henningsmoen  (1957)  was  employed  to  calculate  the  true  proportions  of 
the  cranidium,  and  the  reconstruction  itself  was  prepared  directly  from  photographs ; the 
least  deformed  and  best  preserved  specimens  were  photographed  and  these  were  then 
enlarged  or  reduced  to  a standard  size  in  printing. 

Quantitative  studies  have  been  carried  out  on  selected  samples  from  the  collections, 
with  the  aim  of  supplementing  qualitative  data  on  variability  and  relationships  of  features 
of  the  dorsal  exoskeleton,  with  an  accurate  statistical  description.  The  methods  of  analysis 
of  the  measurements  and  their  presentation  are  those  recommended  by  Shaw  (1956)  and 
the  reader  is  referred  to  that  paper  for  a full  treatment  of  the  difficulties  in  dealing  with 
such  a sample.  On  theoretical  grounds  the  method  of  rectilinear  regression  is  the  only 
valid  statistical  means  for  representing  variation  in  most  trilobite  samples.  In  the  present 
case  this  method  is  not  invalidated  by  the  fact  that  all  specimens  are  deformed  in  some 
way,  but  the  results  are  modified,  some  of  the  variation  shown  being  directly  attributable 
to  this  cause.  Despite  this  fact,  the  results  of  the  analysis  strongly  support  the  hypothesis 
that  the  sample  comes  from  a single  population,  with  a rather  wide,  but  continuous  range 
of  variation,  i.e.  a single  species.  It  must  be  stressed  that  such  an  analysis  is  supplementary, 
and  for  this  reason,  and  because  comparative  data  are  lacking  for  most  other  trilobites 
studied,  a conventional  set  of  measurements  on  selected  specimens,  including  the  holo- 
type,  is  also  included. 


DESCRIPTION 

The  specimens  are  all  deposited  in  the  Palaeontological  Collection  of  the  University 
of  Adelaide,  South  Australia  (AUGD). 

?Family  Paradoxididae  Hawle  and  Corda,  1847 
Genus  estaingia  gen.  nov. 

Plates  75-76;  text-fig.  3 
Derivation  of  Name.  From  Cape  D’Estaing,  the  type  locality. 


EXPLANATION  OF  PLATE  75 

Figs.  1-6.  gen.  et.sp.  nov.  1,  Holotype  AUGD  F16441 ; X 5-5.  Complete  specimen, 

mould  and  replaced  test.  The  cranidium  has  rolled  forward  on  the  V-shaped  rostral  plate,  flattening 
it,  and  disrupting  the  anterior  border.  Librigenae  displaced  and  exfoliated,  exposing  the  lateral 
doublure  with  terrace  lines.  The  impression  of  the  hypostome  is  visible  under  the  glabella  2,  AUGD 
FI  6442;  X 4-5.  Cranidium  showing  impression  of  rostral  plate;  glabella  deformed.  Thorax  with  12th 
segment  missing.  3,  AUGDF16443;  X 3-5.  Ventralsideof  disrupted  cephalon  and  fragmentary  thorax. 
Rostral  plate  in  situ,  damaged.  4,  AUGD  FI 6445 ; X 7.  Cranidium,  librigena,  and  incomplete  thorax. 
5-6,  AUGD  F16447;  x6-5.  Thoracic  segment,  showing  deep  apodemal  pit,  articulating  facet,  and 
strong  fulcral  knob.  6,  Rostral  plate,  complete,  showing  terrace  lines  on  anterior  band. 
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Diagnosis.  Estaingia  is  a trilobite  with  protolenid  and  paradoxidid  affinities.  Anterior 
sections  of  facial  sutures  diverge  at  40-45°  to  the  axis,  posterior  sections  almost  parallel 
to  it;  functional  connective  and  rostral  sutures,  free  rostral  plate  slightly  shorter  than 
anterior  cranidial  border;  glabella  constricted  in  middle,  three  pairs  lateral  glabellar 
furrows;  narrow  posterior  lateral  limb;  narrow  libriginae  with  long  genal  spines.  Thorax 
with  twelve  segments,  pleura  falcate,  with  recurved  end,  and  strong  fulcral  knob.  Pygidium 


TEXT-FIG.  3.  Estaingia  bilobata.  Reconstruction  based  on  specimens 
illustrated  on  Plate  75,  figs.  1,  5,  6,  and  Plate  76,  figs.  2,  5.  Orna- 
mentation and  genal  caeca  here  omitted. 

small;  two  segments  distinct,  one  indistinct;  wide  pleural  field,  strongly  recurved  spines; 
no  continuous  lateral  or  posterior  border;  terminal  axial  piece  bilobed. 

Estaingia  bilobata  sp.  nov. 

Plates  75-76;  text-fig.  3 

Derivation  of  Name.  From  bilobed  axial  part  of  pygidium. 

Holotype.  AUGD  F16441  (PI.  75,  fig.  1);  paratypes,  AUGD  F16442-F16550. 

Selection  of  holotype.  The  specimen  F16441  was  selected  as  it  is  the  most  complete 
available.  The  cranidium  although  damaged  shows  the  distinctive  shape  of  glabella,  eye 
ridges  and  palpebral  lobes,  and  posterior  border  and  furrow : in  addition  the  impression 
of  the  hypostome  can  be  seen  on  the  glabella,  and  that  of  the  rostral  plate  just  posterior 
to  the  anterior  border.  The  librigenae  have  both  been  displaced.  The  spines  of  the 
pygidium  are  missing,  but  the  characteristic  segmentation  and  bilobation  are  distinct. 

H h 
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Measurements:  Holotype,  F16441.  Cephalon:  length6-4mm. ; width  (palpebral)  lO-Omm. 
Cranidium;  width  (palpebral)  7-2  mm.  Librigena:  width  (palpebral)  1-4  mm.;  length  (to 
genal  angle)  3-5  mm.  Glabella:  length  4-1  mm.;  width  (maximum)  3-0  mm.,  width 
(minimum)  2-8  mm.  Occipital  ring:  length  1-0  mm.;  width  3-0  mm.  Palpebral  ridge: 
width  0-8  mm.  Thorax:  length  8-0  mm.;  width  at  3rd  thoracic  segment  (maximum) 
8-5  mm.;  width  axis  (at  3rd  segment)  2-9  mm.  Pygidium:  length  1-5  mm.;  width 
(anterior)  5-0  mm.;  width  (maximum)  5-3  mm.;  width  of  axis  (anterior)  1-3  mm.  Total 
length  of  specimen  15-9  mm. 

Cranidium,  F16444.  Cranidium:  length  7T  mm.;  width  (palpebral)  9-0  mm.;  width 
(anterior)  8-9  mm.  Glabella : length  (excluding  occipital  ring)  4-9  mm. ; width  (maximum) 
3-3  mm.;  width  (minimum)  2-8  mm.  Occipital  ring:  length  0-5  mm.;  width  3-3  mm. 
Anterior  border:  width  1-2  mm. 

The  measurements  of  various  dimensions  from  selected  specimens  of  the  type  series 
and  their  analysis  are  presented  in  Tables  1 and  2,  and  text-fig.  4. 

Material.  Approximately  200  specimens,  generally  incomplete,  preserved  as  replaced 
tests  and  moulds. 

Occurrence.  Basal  35  ft  of  the  Emu  Bay  Shale,  Kangaroo  Island,  South  Australia.  Speci- 
mens F16442-F16540  from  the  type  locality  of  the  formation.  Cape  D’Estaing-Emu  Bay, 
and  specimens  F16441,  E16541-F16550,  from  the  White  Point  locality.  The  holotype 
FI  6441  is  from  a bed  1 5 ft  above  the  base  of  the  formation  at  Big  Gully,  near  White  Point. 

Description.  Cephalon  sub-semicircular  in  outline,  moderately  convex  transversely,  gently 
convex  sagittally.  Glabella  moderately  to  strongly  convex  transversely,  approximately  3/4 
length  and  1 /4  width  of  cephalon;  slightly  constricted  at  level  of  middle  glabellar  furrow, 
maximum  width  at  level  of  occipital  furrow,  and  at  eye  ridge.  Three  pairs  of  lateral 
glabella  furrows,  all  reaching  axial  furrows  abaxially;  anterior  furrow  short,  transverse; 
middle  furrow  longer,  deeper,  directed  inwards  and  slightly  backwards;  pre-occipital 
furrow  long,  1/3  width  of  glabella,  deep,  directed  inwards  and  strongly  backwards  at 
adaxial  end.  Pre-occipital  and  middle  glabellar  lobe  subequal  in  size;  frontal  glabellar 
lobe  larger,  with  outline  semicircular  to  almost  wedge-shaped,  maximum  width  at  level 
of  anterior  edge  of  eye  ridge,  strongly  convex  transversely,  gently  to  moderately  convex 
sagittally,  with  slight  mesial  rise  continuing  back  into  central  area  of  glabella  to  level  of 
pre-occipital  furrow.  Occipital  furrow  deep  behind  posterior  lobes,  swinging  forward 
slightly  and  becoming  shallower  sagittally.  Occipital  ring  large,  semi-elliptical  in  shape, 
maximum  width  sagittally,  decreasing  to  zero  at  axial  furrows;  moderately  convex 
transversely  and  sagittally;  with  mesial  node.  Preglabellar  furrow  distinct  laterally. 


EXPLANATION  OF  PLATE  76 

Figs.  1-6.  Estaingia  bilobata  gen.  et.  sp.  nov.  1,  AUGD  FI 6446;  X 7.  Incomplete  cranidium  and  thorax. 
Rostral  plate  visible  at  top  right;  posterior  border  and  furrow  well  developed.  Thoracic  segments 
showing  deep  apodemal  pits,  strong  fulcral  knobs,  and  articulating  facets ; axis  showing  distinct  change 
in  convexity,  adaxial  to  axial  furrow.  2,  AUGD  F16452;  X 7.  Librigena,  ventral,  showing  V-shaped 
lateral  doublure.  3,  AUGD  F16449;  x 10.  Incomplete  pygidium,  showing  bilobed  terminal  axial 
piece,  and  segmentation  of  pleural  regions.  4,  AUGD  FI  6453;  x4-5.  Fragment  of  cranidium  on 
rostral  plate,  showing  well  developed  genal  caeca.  5,  AUGD  F16444;  X 10.  Cranidium.  6,  AUGD 
F16448;  x8.  Pygidium,  external  mould. 
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TABLE  1 

Selected  dimensions  of  61  cranidia  of  Estaingia  bilobata  from  Emu  Bay,  South  Australia.  X represents 
the  maximum  width  of  the  cranidium,  Yi  the  length  of  the  cranidium  (exclusive  of  the  occipital  ring), 
Y2  the  maximum  width  of  the  glabella,  and  Y3  the  length  of  the  glabella  (exclusive  of  the  occipital  ring). 


CLASS  RANGE 
X 

NO. 

DIMENSIONS  IN 

MMS. 

X 

Y, 

Y. 

Ys 

15  - 

— 2-4 

1 
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1 
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1 
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7 4 

4 
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53 
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3-8 
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— 84 

9 
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30 
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9 
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3-3 

4 5 

9 5 - 
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8 
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7 4 

3-7 
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— 1 1-4 

10 
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85 

41 

60 
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6 
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97 

44 
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1 2-5  - 
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1 

1 2-9 

10  8 

51 

7-2 

135  - 
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4 

141 

10-9 

53 

7 7 

145  - 

— 1 5 4 

3 

148 

[II 

5 2 

7-8 

TABLE  2 

Analysis  of  measurements  given  in  Table  1.  and  are  the  95  per  cent,  confidence  intervals 
for  the  regression  coefficients,  respectively,  of  X on  Y,  and  Y on  X;  and  o;„  are  the  95  per  cent, 
confidence  intervals  for  the  X and  Y intercepts. 


VARIABLES 

COEFFICIENT 

OF 

CORRELATION 

EQUATIONS 

OF 

REGRESSION  LINES 

Axr 

Ayx 

^Y 

X — Y, 

0-97 

Y = 0-80X  - 0-26 
X = 1 I9Y  + 0 82 

MS 1-26 

0-75 .0-85 

0-66 100 

-0  41 -0  13 

X— 

059 

Y = 0-28X  F 103 
X = I -25Y  F 4-97 

0'8I 1-70 

018 0-38 

4-37  5-57 

0-74 1 31 

X — Y, 

0 96 

Y = 0 56X  - 0-20 
X = 1 66Y  F 101 

154 178 

0-52 0 60 

0-81  1-21 

-0'32_-008 

becoming  indistinct  in  sagittal  line  where  glabella  coalesces  with  preglabellar  field. 
Preglabellar  field  gently  convex,  sloping  down  from  preglabellar  furrow  and  eye  ridges 
to  anterior  border  furrow,  transected  in  some  specimens  by  low,  ill-defined,  mesial  ridge, 
and  crossed  by  genal  caecae.  Anterior  border  furrow  well  defined  exsagittally,  shallow 
and  indistinct  in  position  of  mesial  ridge.  Anterior  border,  slightly  elevated,  relatively 
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flat.  Genal  caecae  generally  distinct,  radiating  irregularly  from  glabella  and  eye  ridges  to 
anterior  border  furrow  causing  a slight  pitting  of  the  furrow;  strong  caecae  sometimes 
concentrated  in  sagittal  line,  diverging  slightly  from  glabella  to  border  furrow.  Palpebral 
area  of  fixed  cheek  subquadrate  in  shape,  slightly  depressed  centrally.  Palpebral  lobes 
broad,  moderately  to  strongly  convex,  with  abaxial  side  highest,  well  above  general  level 
of  free  cheek;  lobes  long,  curved,  reaching  posterior  border  furrow.  Palpebral  furrow 


TEXT-FIG.  4.  Regression  analysis  of  cranidial  width  (X)  on  cranidial  length  ( 7i),  width  of  glabella  (La) 
and  length  of  glabella  {Y^).  Data  from  Table  1.  The  symbol  o denotes  points  of  the  distribution  of 
X and  Fi,  © the  distribution  of  X and  Y^,  and  x the  distribution  of  X and  Fa^  the  large  circles  (o) 
represent  the  calculated  mean  for  each  distribution. 

shallow,  posterior  end  distinct,  anterior  section  less  distinct.  Eye  ridges  slightly  thinner 
than  palpebral  lobes,  in  some  specimens  separated  from  them  by  shallow  oblique 
depressions  (possibly  a deformational  feature),  and  from  glabella  by  axial  furrows ; ridges 
subtransverse,  arising  just  above  level  of  anterior  glabellar  furrows,  posterior  sides  limited 
by  shallow  furrows,  anterior  sides  indistinct,  grading  into  lateral  portions  of  preglabellar 
field.  Posterior  lateral  limb  narrow,  short,  subtriangular  with  deep,  broad  border  furrow, 
and  narrow  raised  border.  Posterior  border  furrow  confluent  with  palpebral  furrow  and 
border  furrow  of  librigenae,  meeting  axial  furrows  at  level  just  anterior  to  occipital  furrow; 
deepest  abaxially.  Posterior  border  with  conspicuous  articulating  knob  toward  abaxial 
end. 

Librigenae  crescentic,  slightly  convex  transversely,  approximately  1 /2  width  of  fixi- 
genae.  Border  distinct,  continuous  with  genal  spine.  Ocular  surface  upsloping  from 
border  furrow,  sharply  upturned  at  adaxial  edge  forming  narrow  eye  platform.  Genal 
spines  relatively  wide  at  base,  narrowing  rapidly,  and  extending  at  least  to  level  of  8th 
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thoracic  segment.  Irregularly  radiating  genal  caecae  sometimes  observed  on  ocular 
surface. 

Facial  sutures  opisthoparian;  anterior  sections  diverge  at  40-45°  from  anterior-lateral 
corners  of  palpebral  lobes,  cross  preglabellar  field  with  a slightly  sinuous  course, 
then  curve  inwards  across  anterior  border  and  become  marginal.  Posterior  sections 
leave  adaxial  posterior  corners  of  palpebral  lobes,  cross  posterior  border  with  slightly 
divergent  course.  Rostral  suture  formed  by  marginal  portions  of  anterior  sections  of 
facial  sutures;  connective  sutures  cross  anterior  doublure,  separating  rostral  plate  from 
libriginal  doublure;  course  straight,  adaxial  to  trace  of  dorsal  anterior  sutures  giving 
rostral  plate  shorter  than  anterior  cranidial  border.  Hypostomal  suture  functional, 
parallel  to  rostral  suture,  possibly  as  long. 

Cranidial  doublure  narrow,  marginal  rather  than  ventral.  Doublure  of  librigenae  ex- 
tending inwards  to  level  of  border  furrow  in  all  positions;  V-shaped  in  cross-section 
anteriorly,  becoming  flatter,  more  rounded  towards  genal  spine ; doublure  of  posterior 
margin  rounded,  narrow.  Genal  spine  subtriangular  to  subrounded  in  shape.  Terrace 
lines  occur  on  margin  of  cranidium  marginal  parts  of  all  doublures  and  on  ventral  surface 
of  genal  spines. 

Rostral  plate,  long,  crescentic,  forming  major  part  of  cranidial  doublure;  width  equal 
to  that  of  anterior  border,  but  shorter  than  anterior  cranidial  border;  V-shaped  in  cross- 
section,  with  narrow  marginal  strip,  downsloping  anterior  band  making  80-100°  with 
upsloping  posterior  band;  anterior  portions  with  terrace  lines. 

Hypostome  not  fully  known,  but  appears  to  consist  of  a wide  crescentic  anterior  plate, 
a small  convex  median  body,  and  a relatively  narrow,  spinose  posterior  border. 

Thorax  of  twelve  segments;  approximately  5/8  length  of  dorsal  exoskeleton;  maximum 
width  at  level  of  3rd  segment,  narrowing  rapidly  from  5th.  Axis  1 /3  width  of  thorax, 
markedly  convex,  but  with  narrow  marginal  portions  relatively  depressed.  Axial  rings 
narrow  and  relatively  convex  sagittally.  Articulating  half  rings  crescent-shaped,  mode- 
rately convex  (sag.  and  tr.),  narrower  than  axial  rings.  Transverse  furrows  deepest 
laterally,  swinging  forward  slightly  and  becoming  shallow  and  broad  medially.  Axial  fur- 
rows deepest  at  junction  with  transverse  furrows,  shallow  opposite  axial  rings.  Apodemal 
pits  present  at  abaxial  end  of  transverse  furrows;  marked  on  ventral  side  by  distinct 
transverse  ridges  connected  (sagittally)  by  slightly  raised  concave  platforms.  Small  axial 
notch,  but  no  well-developed  axial  process.  Pleura  geniculate,  with  large,  but  unspecialized 
fulcral  knob.  Posterior  and  anterior  margins  of  adaxial  portions  of  pleura,  with  narrow 
overlapping  flanges.  Abaxial  portions  with  articulating  facet,  downsloping  at  35-40°, 
particularly  well  developed  on  1st  thoracic  segment.  Distal  extremity  with  small  recurved 
hook,  becoming  more  advanced  and  less  pronounced  in  posterior  segments.  Course  of 
pleural  furrow  obliquely  backwards,  widening  and  deepening  across  fulcrum. 

Pygidium  sub-semicircular  in  shape,  length  (sag.)  less  than  1/2  maximum  width  and 
1/14-1/16  length  of  dorsal  exoskeleton.  Axis  1/3  maximum  width,  strongly  convex, 
showing  traces  of  two,  probably  three,  segments;  posterior  half  highly  vaulted,  bilobed 
with  distinct  median  depression.  Pleural  regions  wide,  distinctly  segmented,  with  de- 
pressed spinose  border.  Anterior  segment  complete,  with  articulating  half  ring,  transverse 
furrow,  axial  ring,  and  pleural  and  inter-pleural  furrow;  anterior  band  of  pleura  separated 
from  axis  by  distinct  notch,  and  produced  abaxially  into  large  recurved  spine;  small 
articulating  facet  present.  Second  segment  also  distinct;  transverse  furrow  well  marked. 
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with  deep  apodemal  pits ; posterior  furrow  fainter ; pleura  widens  abaxially,  then  produced 
into  short  recurved  spine,  formed  by  both  anterior  and  posterior  pleural  bands.  Abaxial 
portions  of  segments  coalesce  to  form  narrow  depressed  border  between  spines.  Third 
segment  faint,  indicated  by  short  furrows  in  posterior  lateral  portions  of  axis,  and  short 
spines  on  posterior  margin;  pleura  probably  forming  narrow  postero-lateral  border. 
Doublure  developed  on  flanks  as  doublure  of  distal  ends  of  pleura;  width  unknown; 
spines  hollow,  formed  by  dorsal  and  ventral  surfaces.  Posterior  border  interrupted  by 
small  notch  in  sagittal  position;  doublure  not  observed  at  this  position  in  any  specimen. 

Discussion.  The  features  of  Estaingia  suggest  a close  relationship  to  a group  of  transitional 
forms  known  as  the  protolenoids,  and  represented  by  Bergeroniellus  Lermontova, 
Bergeroniaspis  Lermontova,  and  Lermontovia  Suvorova;  it  also  resembles  some  members 
of  the  Protolenidae,  Ellipsocephalidae,  and  the  Xysiridura  group.  The  diagnostic  features 
of  these  groups  which  are  present  in  Estaingia  include  the  shape  of  the  cephalon  and 
glabella,  the  sutural  pattern,  long  crescentic  eyes  and  palpebral  lobes,  relatively  short 
eye  ridges,  thorax  with  numerous  segments,  and  a small  pygidium. 

Comparison  with  other  genera.  The  cephalon  of  Estaingia  resembles  those  of  the  species 
of  Bergeroniellus,  particularly  B.  spinosus,  in  the  general  shape  and  proportions  of  the 
eye  ridges,  glabella  and  preglabellar  field.  However,  it  can  be  distinguished  from  them 
by  the  number  of  lateral  glabellar  furrows,  the  more  divergent  anterior,  and  less  divergent 
posterior  sections  of  the  facial  sutures,  and  the  more  rounded  frontal  lobe  of  the  glabella. 
In  addition,  the  shape  of  the  free  cheek,  in  particular  the  size  and  position  of  the  genal 
spine  in  Estaingia  are  diagnostic;  in  their  absence,  however,  compressed  or  crushed 
cranidia  of  Bergeroniellus  could  easily  be  confused  with  those  of  Estaingia. 

The  cranidia  of  some  species  of  Lermontovia  are  generally  similar,  L.  grandis  probably 
being  closest ; however,  they  are  distinguished  by  the  possession  of  a subsidiary  eye  ridge, 
and  the  course  of  the  facial  sutures.  Similarly  Bergeroniaspis  clearly  differs  in  the  course 
of  the  posterior  section  of  the  facial  suture,  and  additionally  in  the  morphology  of  the 
free  cheek. 

The  true  protolenids,  e.g.  Protolenus  Matthew,  Lusatiops  Richter  and  Richter,  re- 
semble Estaingia  in  many  respects,  but  the  possession  of  a tapering  glabella  clearly  dis- 
tinguishes them  from  the  latter  genus. 

Amongst  the  Ellipsocephalidae,  Palaeolenus  Mansuy  is  most  likely  to  be  confused, 
especially  in  the  case  of  distorted  cranidia.  The  general  shape  of  the  cranidium  is  very 
similar,  but  the  narrow  palpebral  lobes,  the  widely  diverging  posterior  sections  of  the 
facial  sutures,  and  the  width  of  the  free  cheek,  serve  for  generic  discrimination. 

The  structure  of  the  thorax  of  the  related  genera  has  not  yet  been  studied  in  detail,  but 
appears  to  be  basically  similar  to  that  displayed  by  Estaingia.  The  distinguishing  charac- 
teristics of  the  thoracic  segments  of  Estaingia  seem  to  be  the  possession  of  highly  developed 
fulcral  knobs,  the  anterior  facets  and  the  slightly  advanced  pleural  spines.  However, 
these  characters  are  found  in  many  Cambrian  and  post-Cambrian  trilobites  and  to  a 
lesser  degree  in  Bergeroniellus  etc.  In  the  possession  of  twelve  thoracic  segments  Estaingia 
differs  markedly  from  Lermontovia  with  its  many  segments  and  Bergeroniellus  with 
fourteen  or  fifteen. 

The  differences  between  the  cephalon  and  thorax  of  Estaingia  and  those  of  the  genera 
discussed  above,  appear  adequate  to  warrant  generic  distinction.  This  opinion  is  reinforced 
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by  a comparison  of  the  pygidia.  The  pygidium  of  Estaingia  with  its  distinct  segmentation 
of  both  axial  and  pleural  regions,  the  presence  of  long  recurved  pleural  spines  and  the 
bilobed  axial  piece,  appears  to  be  unique.  It  is  in  sharp  contrast  with  the  rounded  margin, 
well  developed  border,  wide  axis  and  narrow  pleural  regions  of  the  pygidia  of  Bergeroni- 
ellus,  Bergeroniaspis,  and  Lermontovia.  The  pygidia  of  Frotolenus  and  Lusatiops  are  not 
well  known  and  that  of  Falaeoleniis  is  unknown. 

The  pygidium  of  Estaingia  is  relatively  primitive,  with  the  segments  more  or  less 
clearly  defined,  and  in  this  respect  it  resembles  that  of  Xystridnra  Whitehouse.  In  this 
genus,  however,  the  pleural  spines  are  shorter  and  formed  in  a different  manner,  the  axis 
tapers  rapidly  and  its  terminal  piece  is  not  bilobed.  Redlichia  forresti  Etheridge,  Jr. 
appears  to  be  the  only  other  trilobite  with  distinct  bilobation  of  the  axis  of  the  pygidium 
(Opikl958,  pp.  13-17). 

Taxonomic  position.  The  taxonomic  position  of  Estaingia  is  uncertain.  The  characters 
of  the  cephalon  and  thorax  of  the  Siberian  genera  Bergewniellus  and  Bergeroniaspis 
indicate  that  they  are  very  closely  related  to  the  new  genus,  from  which,  however,  their 
pygidia  differ  greatly.  Conversely  the  pygidium  of  Xystridnra  resembles  that  of  Estaingia 
whereas  the  cephalic  characters  indicate  a more  distant  relationship.  In  addition  the  size 
and  structure  of  the  rostral  plate  of  Xystridnra  (personal  communication  from  Dr.  A.  A. 
Opik)  is  similar  to  that  of  Estaingia.  Opik  (1961u,  p.  97)  suggests  that  Bergeroniellns  is 
so  much  like  Xystridnra  that  a close  relationship  exists  and  that  the  former  is  probably 
ancestral  to  Xystridnra.  On  this  basis  he  suggests,  informally,  that  both  groups  belong  to 
the  Paradoxididae  but  that  they  be  placed  in  separate  subfamilies  on  the  basis  of  the 
differences  in  the  pygidia.  Kobayashi  (1960)  agrees  that  the  Siberian  genera  are  not  true 
Protolenidae,  where  they  had  been  placed  by  Suvorova  (1956)  and  later  authors,  but 
considers  that  they  should  be  placed  m a group  with  Falaeolenns,  and  thus  be  members 
of  the  Ellipsocephalidae.  The  author  agrees  that  these  genera  are  not  true  protolenids 
and  should  be  separated  from  them,  probably  at  subfamily  level ; however  it  appears  to 
be  largely  a matter  of  choice  whether  they  should  be  classified  in  the  Ellipsocephalacea 
or  the  Paradoxidacea,  as  in  the  early  Cambrian  forms  existed  which  are  referable  to 
either  superfamily. 

On  the  basis  of  the  morphological  comparisons  given  above  it  appears  that  Estaingia 
is  intermediate  between  the  ' Bergeroniellns-gxoup’  and  the  Xystridurinae.  In  the  absence 
of  information  on  the  pygidium  of  Falaeolenns  the  relationship  of  this  genus  to  Estaingia 
cannot  be  fully  evaluated.  In  view  of  these  considerations  Estaingia  is  at  present  doubtfully 
placed  in  the  Paradoxididae,  but  the  question  of  its  position  at  lower  taxonomic  levels 
is  left  open. 

Age.  In  the  present  state  of  trilobite  systematics,  the  taxonomic  position  of  many  genera 
are  uncertain;  firm  age  determinations  cannot  be  based  upon  new  genera  and  species 
alone,  but  only  on  zonal  correlations  with  areas  in  which  faunal  subdivisions  of  the 
Cambrian  have  been  established.  In  South  Australia,  at  the  present  time,  such  sub- 
divisions are  rather  tenuous,  and  exist  only  for  the  mainland  outcrops.  Correlation  of 
the  Kangaroo  Island  faunas  with  those  of  the  mainland,  must  still  be  regarded  as  tentative. 

The  presence  of  Redlichia,  Isoxys,  and  Hyolithes  in  the  Emu  Bay  Shale  fauna  serves 
to  establish  its  Cambrian  age;  however,  the  species  of  both  Redlichia  and  Isoxys  are  new, 
and  their  stratigraphical  range  unknown.  The  fauna  occurs  in  a fixed  position  relative 
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to  the  underlying  trilobite  fauna  of  the  White  Point  Conglomerate  at  both  localities  on 
Kangaroo  Island.  The  latter  fauna  contains  a unique  trilobite  of  unknown  affinities, 
known  to  occur  also  at  one  locality  in  the  Flinders  Ranges  on  the  mainland  of  South 
Australia ; the  trilobite  was  found  in  a thin  shale  band  within  the  Oraparinna  Shale  at 
Balcoracana  Creek,  near  Wirrealpa  (personal  communication  from  R.  Dalgarno).  The 
stratigraphical  succession  in  this  area  is  given  by  Daily  (1956,  pp.  112-16).  The  Oraparinna 
Shale  is  overlain  by  the  unfossiliferous  Billy  Creek  Formation,  and  in  turn  by  the  lower 
Middle  Cambrian  Wirrealpa  Limestone.  The  Lower-Middle  Cambrian  boundary  is 
considered  ‘as  occurring  in  a 3,300  feet  unfossiliferous  red  bed  sequence,  the  Billy  Creek 
Formation’  (Daily  1956,  p.  116).  The  bed  containing  the  trilobite  occurs  220  feet  strati- 
graphically  below  the  base  of  the  Billy  Creek  Formation  and  is  thus  by  definition  upper 
Lower  Cambrian.  Although  Estaingia  has  not  been  identified  from  this  area,  it  occurs 
only  50  feet  above  the  same  trilobite  in  all  the  other  areas,  and  it  would  seem  justifiable 
to  assign  an  upper  Lower  Cambrian  age  to  it  on  this  basis. 

The  stratigraphic  evidence  for  the  age  of  the  Emu  Bay  Shale  itself  has  been  mentioned 
previously,  and  points  to  an  age  younger  than  middle  Lower  Cambrian ; an  age  completely 
acceptable  in  the  light  of  the  other  evidence. 
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NEW  NAME  AND  DIAGNOSIS  FOR  AN  UPPER 
JURASSIC  SPECIES  OF  GONYAULACYSTA 
(DINOPHYCEAE) 

by  W.  A.  S.  SARJEANT 


Abstract.  Gonyaulacysta  scarbiirghensis  nom.  nov.  is  here  proposed  for  Gonyaulaxareolata  Sarjeant  1961,  junior 
homonym  of  G.  areolata  Kofoid  and  Mitchener  1911.  The  diagnosis  of  the  species  is  emended. 


Mr.  Alfred  Loeblich  III,  of  the  University  of  California,  has  courteously  drawn  my 
attention  to  the  fact  that  a name  which  I proposed  for  an  Upper  Jurassic  dinoflagellate 
species  in  1961  is  preoccupied  by  the  living  species  G.  areolata  Kofoid  and  Mitchener 
1911  (p.  270).  Accordingly,  the  name  G.  areolata  Sarjeant  1961  was  invalid  at  the  time  of 
publication  under  Article  64  of  the  ‘International  Code  of  Botanical  Nomenclature’. 

The  species  also  now  falls  in  the  form  genus  Gonyaulacysta,  recently  proposed  for 
fossil  cysts  having  a tabulation  corresponding  to  that  of  the  modern  Gonyaulax. 

Family  gonyaulaceae  Lindemann 
Genus  gonyaulacysta  Deflandre  1964 

Gonyaulacysta  scarbiirghensis  nom.  nov. 

pro  Gonyaulax  aerolata  Sarjeant  1961,  non  Kofoid  and  Mitchener  1911 

1960  Gonyaulax  areolata  Sarjeant,  p.  12,  fig.  1 (nomen  nudum). 

1961  Gonyaulax  areolata  Sarjeant,  pp.  95-97,  pi.  13,  fig.  13,  text-fig.  5. 

Emended  diagnosis.  A species  of  Gonyaulacysta  having  an  ovoid  theca  with  the 
tabulation  ?4',  la,  6",  6"',  ?lpv,  1""  and  with  a strong,  tapering  apical  horn  rounded 
distally.  The  whole  thecal  surface,  except  the  longitudinal  and  transverse  furrow  sur- 
faces, is  covered  by  low  ridges  so  distributed  as  to  form  an  irregular  reticulate  patterning. 
The  thecal  wall  is  very  thin,  consisting  of  two  layers,  the  outer  layer  bearing  or  forming 
the  ridges.  The  boundaries  of  plates  and  the  margins  of  furrows  bear  low,  alveolate 
crests.  The  longitudinal  furrow  extends  from  the  base  of  the  apical  horn  to  the  antapex: 
it  is  narrow  and  of  relatively  constant  breadth.  The  transverse  furrow  is  very  narrow, 
forming  a laevo-rotatory  spiral  such  that  its  two  ends  differ  in  antero-posterior  position 
by  approximately  three  times  its  breadth.  Archaeopyle  precingular. 

Holotype.  SC2/34/21,  lodged  in  the  collections  of  the  Micropalaeontology  Laboratory,  University  of 
Sheffield.  Type  locality  and  horizon.  Oxford  Clay  {Quenstedtoceras  inariae  Zone),  1 foot  above  the  top 
of  the  Hackness  Rock,  Castle  cliff,  Scarborough  (National  Grid  reference  053890). 

Dimensions.  Holotype:  overall  length  155ju,,  length  of  horn  15 p,  overall  breadth  125/x;  transverse 
furrow  c.  10|U  wide,  longitudinal  furrow  c.  5/x  wide.  Range  of  dimensions  observed  (30  specimens): 
overall  length  120-1  VO^u.,  relative  proportions  being  fairly  constant. 

[Palaeontology,  Vol.  7,  Part  3,  1964,  pp.  472-3.] 
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Remarks.  The  diagnosis  here  quoted  differs  from  the  earlier  diagnosis  of  Gonyaulax 
areolata  Sarjeant  1961  in  the  introduction  of  further  detail  and  of  reference  to  the 
archaeopyle.  The  species  is  described  and  discussed  at  greater  length  in  Sarjeant  1961, 
pp.  96-7. 
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THE  VENTRAL  ANATOMY  OF  THE  UPPER 
CARBONIFEROUS  EURYPTERID 
ANTHRACONECTES  MEEK  AND  WORTHEN 


by  LEONARD  J.  WILLS 


Abstract.  All  the  known  species  of  Upper  Carboniferous  eurypterids  appear  to  have  had  so  similar  a dorsal 
anatomy  that  they  have  been  thought  to  belong  to  one  genus  which  has  gone  under  three  names.  Of  Adelophthalmiis 
Jordan  and  von  Meyer  1854,  Lepidoderma  Reuss  1855  and  Anthraconectes  Meek  and  Worthen  1868,  only  the 
last  is  founded  on  a specimen  showing  both  the  ventral  organs  (in  the  holotype)  and  the  dorsal  (in  the  counter- 
part). Anthraconectes  is  therefore  preferred  (though  the  other  names  have  priority)  until  it  is  known  whether 
the  ventral  anatomy  of  either  of  the  others  is  the  same  as  that  of  Anthraconectes. 

The  ventral  anatomy  of  the  genus  is  described  from  the  holotype  and  topotypes  of  A.  mazonensis  Meek  and 
Worthen  and  A.  moyseyi  H.  Woodward.  Particular  attention  is  paid  to  the  1st  or  genital  operculum  as  revealed 
in  the  natural  casts  and  in  etched  specimens.  Sexual  dimorphism  is  described  and  deductions  made  from 
several  examples  displaying  Stormer's  Type  A median  genital  organ  and  two  showing  his  Type  B.  In  Type  A 
the  1st  and  2nd  opercula  resemble  Type  A of  Eurypterus  fischeri  Elchwald,  as  described  by  Holm  1898  and  by 
Wills  1964.  Type  B is  less  well  documented,  but  one  specimen  of  this  type  is  shown  to  resemble  Type  B of  E. 
fischeri  in  having  clasping  organs.  Internal  evidence  indicates  that  Type  A was  the  female  and  Type  B the  male, 
as  was  claimed  by  Holm  to  be  the  case  in  E.  fischeri. 

Nothing  was  discovered  about  the  structure  of  the  gills  or  their  position  on  the  body,  except  that  there  are 
small  spots  devoid  of  scale-ornament  on  the  opercula,  which  may  provide  an  indication  of  the  positions  on 
the  roofs  of  the  overlying  gill-pouches  where,  by  analogy  with  Eurypterus,  the  gills  themselves  were  sited. 

The  present  study  originated  as  a result  of  the  application  of  new  embedding  and  etching 
techniques  to  specimens  of  Eurypterus  fischeri  Eichwald  (see  Wills  1964)  in  which  the 
chitinous  skin  is  preserved  in  a silty  limestone  from  Oesel  in  Esthonia.  I described  the 
discovery  of  the  position  of  the  gills  on  the  under-surface  of  the  mesosomatic  segments, 
their  protection  by  the  underlying  opercula  or  Biattfiisse,  and  their  intimate  structure, 
which  latter  had  been  discovered  by  G.  Holm  but  never  published.  New  discoveries 
relating  to  the  external  sex-organs  were  also  made.  I applied  the  same  techniques  to 
some  of  the  Elpper  Carboniferous  eurypterids,  but  found  the  ferrous  carbonate  more 
intractable  than  the  limestone,  and  the  chitinous  skin  often  more  broken  and  less  per- 
fectly preserved  than  in  the  Silurian  fossils. 


THE  HISTORY  OF  THE  NOMENCLATURE  OF 
UPPER  CARBONIFEROUS  EURYPTERIDS 

All  the  fossils  here  described  belong  to  a group  of  eurypterids  which  has  gone  under 
three  different  names  given  independently  in  (a)  Germany  (the  Saar) — Eurypterus 
{Adelophthalmiis)  Jordan  and  von  Meyer  1854-6  (the  paper  dated  1854);  {b)  Czecho- 
slovakia (Bohemia) — Eurypterus  {Lepidoderma)  Reuss  1855-6;  (c)  America  (Mazon 
Creek,  Illinois) — Eurypterus  {Anthraconeetes)  Meek  and  Worthen  1868. 

{a)  and  {b)  were  founded  on  the  dorsal  features,  and  (c)  upon  the  ventral  anatomy. 

[Palaeontology,  Vol.  7,  Part  3,  1964,  pp.  474-507,  pis.  77-79.] 
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In  1907  English  specimens  were  described  by  Henry  Woodward  as  Eurypterus  moyseyi 
which,  with  others,  were  later  shown  by  Moore  (1936)  to  belong  to  Anihraconectes 
Meek  and  Worthen,  sharing  distinctive  ventral  features  with  the  American  species. 

In  1912  Clarke  and  Ruedemann  described  the  dorsal  features  of  Anthraconectes, 
having  discovered  the  counterpart  of  the  actual  specimen  of  A.  mazonensis  which 
Meek  and  Worthen  had  figured  and  described.  It  thus  became  the  first  Upper  Carboni- 
ferous eurypterid  of  which  a fairly  complete  picture  of  the  whole  animal  was  known. 

There  have  been  revisions : 

{a)  of  the  holotype  of  Adelophthahnus  granosus  Jordan  and  von  Meyer  by  Guthorl 
(1934)  who  postulated  a carapace  with  large  compound  eyes,  although  Jordan 
and  von  Meyer  were  so  convinced  that  the  animal  was  blind  that  they  gave  it  a 
name  meaning  ‘no  obvious  eye’ ; 

{b)  of  the  English  specimens,  originally  referred  to  Eurypterus,  by  Moore  (1936), 
already  mentioned; 

(c)  of  the  American  and  English  Upper  Carboniferous  eurypterids  by  Kjellesvig- 
Waering  (1948),  who  referred  all  the  species  to  Lepidoderma  (This  paper  also 
reproduces  the  original  figures  of  Lepidoderma  imhofi  Reuss) ; 

{d)  of  the  holotype  of  Lepidoderma  imhofi  Reuss  by  Pfibyl  (1955),  in  which  he  claims 
that  Lepidoderma  is  a synonym  of  Adelophthahnus  (Kjellesvig-Waering  (1958Z), 
1959)  accepts  this  claim); 

(e)  of  the  genus  Adelophthahnus  by  van  Oyen  (1956),  who  also  accepts  Pfibyl’s  con- 
tention that  this  name  has  priority  over  Lepidoderma  and  Anthraconeetes.  This 
contention  has  also  been  admitted  as  correct  by  Kjellesvig-Waering  (19586, 1959). 
Van  Oyen’s  approach  to  the  taxonomy  is  unusual,  for  his  material,  from  a single 
layer  in  the  Dutch  coalfield,  consisted  of  a very  large  number  of  specimens  of  one 
species  which  he  measured  and  analysed  statistically.  He  found  a wide  range  in 
the  proportions  of  various  selected  features,  and  concluded  that  only  eleven  of 
the  twenty-six  named  species  and  subspecies  were  valid,  and  that  the  remaining 
fifteen  were  synonyms  of  Adelophthahnus  imhofi  Reuss.  These  include  A.  mazonen- 
sis Meek  and  Worthen  1868  and  A.  moyseyi  H.  Woodward  1907,  which  form  the 
subject  of  the  present  paper. 

In  my  work  on  fossil  scorpions  I have  been  impressed  by  the  similarity  of  the  dorsal 
features  of  chelicerates  possessing  very  different  ventral  anatomies ; and  I feel  that  the 
same  may  be  true  in  the  group  of  Carboniferous  Eurypterus-\\kt  creatures  with  the  above 
name. 

Since  none  of  the  revisions,  except  those  of  Moore  (1936)  and  Kjellesvig-Waering 
(1948),  make  any  reference  to  the  ventral  surface  of  the  animals,  it  appears  advisable 
to  retain  Anthraconectes  for  the  American  and  English  species  in  which  the  ventral  organs 
are  known  to  agree,  but  with  a proviso  that  if  Adelophthahnus  is  found  to  have  similar 
ventral  organs,  that  name  has  priority.  Meek  made  the  same  proviso  in  1868. 

MATERIAL 

With  one  exception,  the  specimens  to  be  described  are  preserved  in  clay  ironstone 
nodules  which  have  been  split  into  two  halves.  These  are  rarely  exact  part  and  counter- 
part, but  more  often  display  the  cast  of  the  dorsal  surface  and  the  cast  of  the  ventral 
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surface  respectively,  with  adherent  bits  on  one  that  belong  to  the  other.  In  some  cases 
the  two  halves  are  so  different  that  one  must  postulate  that  a natural  cast  of  the  body 
(which  is  rarely  completely  flattened)  must  have  been  lost  when  the  specimen  was  col- 
lected. The  two  halves  are  best  thought  of  as  (1)  the  dorsal  seen  from  the  ventral  side 
and  (2)  the  ventral  seen  from  the  dorsal,  bearing  in  mind  the  possibility  that  the  first 
may  show  only  ventral  structures  seen  from  the  ventral  side;  and  that  the  second  may 
show  nothing  but  dorsal  features  seen  from  the  dorsal  side ; and  that  both  may  show  a mix- 
ture of  dorsal  and  ventral  organs  pressed  together.  The  chitinous  skin  may  still  survive 
virtually  unaltered,  but  is  usually  very  fragmented  (as  in  the  Carboniferous  scorpions 
preserved  in  ironstone — Wills  1959,  1960)  and  consequently  is  more  difficult  to  extract 
than  the  skin  of  Eiirypteriis  fischeri  from  the  limestone  of  Oesel  (see  Holm  1898,  Wills 
1964).  The  external  ornament,  however,  is  often  seen,  either  as  scales  on  the  chitin  or 
as  little  pits  on  the  surface  of  the  cast.  This  has  proved  a valuable  aid  in  deciding  whether 
one  is  seeing  the  fossil  from  within  or  from  the  outside.  It  is  noteworthy  that  only  those 
parts  of  the  skin  have  been  preserved  that  were  in  life  fully  exposed  to  outside  influences. 
In  this  they  differ  from  the  Oesel  eurypterids,  in  which  the  excessively  thin  skin  of  the 
linings  of  the  gill-pouches  may  be  perfectly  preserved. 

The  facts  set  out  above  have  not  always  been  recognized  by  the  palaeontologists  who 
have  described  these  rare  fossils,  and  their  descriptions  and  measurements  may  conse- 
quently be  misleading  and  difficult  to  understand. 

The  Specimens 

American  specimens.  These  are  all  examples  of  A.  mazonensis  Meek  and  Worthen  from  the  famous 
Upper  Pennsylvanian  locality  of  Mazon  Creek,  Illinois. 

(1)  A latex-rubber  cast  of  the  holotype  of  A.  mazonensis,  showing  the  venter  as  seen  from  below, 
amplifies  and  supplements  Meek  and  Worthen’s  description  and  figure.  The  holotype  is  UI  X345. 

The  two  half-nodules  containing  the  holotype  of  A.  mazonensis  have  had  a curious  history.  In  the 
original  description  written  in  1868,  Meek  and  Worthen  (p.  544)  state  ‘The  only  specimen  of  this 
interesting  fossil  we  have  seen,  consists  merely  of  the  impression  of  the  ventral  side’.  In  1884  James 
Hall  described  a Mazon  Creek  specimen  displaying  the  dorsal  surface  of  a eurypterid  as  A.  mazonensis 
without  realizing  that  it  was  the  other  half  of  the  type  specimen.  In  1912  Clarke  and  Ruedemann 
(p.  223)  learnt  from  Professor  Whitfield  that  Hall’s  specimen  was  in  the  American  Museum  of  Natural 
History  and  was  the  counterpart  which  Meek  and  Worthen  had  never  seen;  they  described  and  figured 
it  on  pi.  26,  fig.  1,  and  text -fig.  51.  They  added  a footnote  ‘A  drawing  of  this  counterpart  was  given  by 
Hall  loc.  cit.'-,  and  they  included  in  their  synonymy  "Enrypterns  (Anthraconectes)  mazonensis  Hall, 
Pennsylvania  2nd  Geol.  Surv.  Rep't  Progress,  ppp,  1884,  p.  25,  fig.  2,  3’.  In  their  description  there  is 
nothing  to  suggest  that  they  had  seen  Meek  and  Worthen’s  half-nodule,  or  knew  of  its  whereabouts. 
Through  the  courtesy  of  Dr.  N.  D.  Newell  (American  Museum  of  Natural  History),  I have  been  able 
to  see  a splendid  cast  of  the  counterpart  (AMNH  8538). 

Kjellesvig-Waering  (1948),  in  revising  the  genus  as  Lepidoderma  Reuss,  devoted  six  plates  to  L. 
mazonensis,  but  appears  to  have  assumed  that  Meek  and  Worthen’s  holotype  was  lost.  However,  Dr. 
Isles  Strachan,  when  at  the  University  of  Illinois  in  1957,  found  it  in  a store-cabinet  in  a drawer 
labelled  ‘Meek  and  Worthen’s  types’.  He  made  a splendid  latex-rubber  cast  of  it  which  he  sent  to 
Dr.  C.  D.  Waterston  of  the  Royal  Scottish  Museum,  Edinburgh,  who  has  kindly  made  it  available  to 
me  for  re-description. 

(2) ,  (3).  Among  the  Mazon  Creek  specimens  figured  by  Kjellesvig-Waering  as  Lepidoderma  mazo- 
nensis were  two  in  the  Museum  of  Comparative  Zoology,  Harvard  College  (MCZ  7162,  7163),  which 
Professor  H.  B.  Whittington  has  generously  allowed  me  to  develop  by  the  techniques  referred  to  above. 
I etched  one  half  of  each  to  display  the  ventral  features,  but  with  only  partial  success,  owing  to  in- 
different preservation  of  the  chitinous  skin.  Each,  however,  supplies  some  information  about  the 
external  genital  organs. 
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(4)  Excellent  casts  of  another  specimen  of  A.  mazonensis  in  the  Chicago  Natural  History  Museum 
(CNHM  PE5094)  were  loaned  to  me  by  Dr.  Kjellesvig-Waering. 

English  specimens.  Those  referred  to  are  all  examples  of  A.  moyseyi  H.  Woodward  from  the  Nottingham- 
shire-Derbyshire  coalfield. 

{a)  The  "Nottingham  Beetle".  The  first  example  came  into  my  possession  in  1914  and  has  long  been 
known  as  the  ‘Nottingham  Beetle’  since  its  discovery  by  a miner,  the  late  Mr.  W.  M.  Hodgson,  in  the 
Nottingham  Coalfield.  The  horizon  is  unknown.  Originally  preserved  in  shale,  thin  layers  of  which 
were  impregnated  by  ferrous  carbonate,  it  displayed  the  dorsal  surface  of  the  carapace  and  mesosoma 
with  fragments  of  the  appendages.  Recently,  with  the  consent  of  Professor  F.  W.  Shotton,  I embedded 
it  in  ‘Marco’  and  then  etched  out  the  ventral  parts.  Now  part  of  the  specimen  remains  in  the  trans- 
parent Marco  block  like  an  insect  in  amber,  and  the  parts  that  had  been  isolated  by  the  etching  are 
mounted  as  micro  slides  (BU  751/1  to  /32),  which  show  an  amazing  wealth  of  detail. 

(b)  All  the  specimens  of  A.  moyseyi  that  were  found  at  the  Shipley  clay-pit  near  Ilkeston,  Derby- 
shire, by  the  late  Dr.  L.  Moysey  and  presented  by  him  to  the  Geological  Survey,  have  been  made  avail- 
able for  study  through  the  courtesy  of  Dr.  F.  W.  Anderson.  The  horizon  of  the  claypit  is  below  the 
Top  Hard  Coal  in  the  Ammanian  Coal  Measures.  They  include  Woodward’s  holotype  (GSM  30193) 
and  paratype  (GSM  30194),  and  a topotype  (GSM  30249  and  30250)  figured  in  a revision  of  this 
species  by  Moore  (1936).  All  of  these  show  ventral  features. 

Terminology.  In  my  description  of  Eiirypterns  fischeri  (Wills  1964)  I used  two  German  terms,  "Blattfuss" 
and  "ZipfeT,  that  had  been  employed  by  Holm  (1898),  whose  classic  paper  I was  supplementing.  Of 
these  I propose  to  retain  Zipfel  for  the  external  median  genital  organ,  Z1  on  the  1st  operculum  of  both 
sexes,  and  Z2  on  the  2nd  in  the  supposed  female;  but  I here  use  operculum  instead  of  Blattfiiss  for  the 
mesosomatic  flap-like  appendages.  My  reason  is  that  I found  in  E.  fischeri  that  the  Blattfiisse  functioned 
as  the  floors  of  the  gill-pouches  in  the  same  way  as  do  the  branchial  opercula  of  the  king-crab,  Limulus, 
although  the  gills  in  the  fossil  form  were  attached  to  the  roof  of  the  pouch  and  not  to  the  opercula  as 
they  are  in  Limulus.  There  is  every  reason  to  believe  that  their  general  structure  and  function  in 
Anthraconectes  was  the  same  as  in  Eurypterus. 

In  my  Eurypterus  paper  gill-tract  was  used  for  the  part  of  the  ventral  body-wall  that  was  modified 
for  respiration,  one  pair  of  tracts  representing  a pair  of  gills  on  each  of  the  five  mesosomatic  branchial 
segments.  Such  tracts  have  not  been  preserved  in  any  of  the  present  specimens,  but  there  are  features 
in  the  distribution  of  the  ornament  on  the  opercula  that  suggest  the  position  of  the  gill-tracts  on  the 
roof  of  the  overlying  gill-pouch.  These  features  are  here  termed  gill-spots. 

Spatula  is  used  in  place  of  Meek  and  Worthen’s  ‘spatulate  plates’  and  of  Caster  and  Kjellesvig- 
Waering’s  ‘lateral  lobe’  for  a sclerite  that  occurs  on  either  side  of  the  Zipfel  on  the  1st  operculum. 
The  rest  of  the  laminate  part  (lamina)  of  the  operculum  is  termed  the  ala.  (In  my  Eurypterus  paper, 
following  Holm  I used  ‘lateral  lobe’  for  the  whole  bilobed  laminate  part  of  the  genitally  modified 
opercula). 

Other  new  or  unusual  terms  are  defined  in  the  text. 

Orientation.  In  the  descriptive  section,  R.  and  L.  indicate  the  true  Right  and  Left  of  the  animal  (unless 
otherwise  stated);  ‘above’  and  ‘over’  imply  ‘dorsal  to’  or  ‘dorsad’;  ‘below’  and  ‘under’  imply 
‘ventral  to’  or  ‘ventrad’. 

Abbreviations  used  in  the  illustrations.  Adult  body-segments  numbered  in  roman  numerals. 

A I- A VI,  prosomatic  appendages  i-vi;  al,  a\a;ant,  anterior ; <7^,  ant.  strip,  op.  1 ; ca,  cast ; cur,  carapace ; 
?cg,  supposed  aperture  of  coxal  gland;  ch,  chelicera;  cl,  clasping  organ;  cox,  coxa;  djz,  distal  joint  of 
Z1 ; d.  op.  1,  doublure  of  op.  1 ; do.  met,  doublure  of  metastoma;  dor,  dorsal;  ga,  genital  aperture,  sup- 
posed position  of;  gb,  gnathobase;  gp  1-5,  gill-pouch  above  op.  1-op.  5;  gs  1-5,  gill-spot  on  op.  1- 
op.  5 ; gt,  gill-tract,  supposed  position  of ; H2,  EI3,  suspension  hinges  of  op.  2,  op.  3 ; has,  hastate  end 
of  Z1 ; L,  true  Left  side;  maz,  main  joint  of  Z1 ; me,  median  eye  (ocellus);  met,  metastoma;  mjz,  middle 
joint  of  Z1 ; mm,  the  points  behind  which  the  spatulae  and  Z1  moved  independently  and  hung  free 
from  the  body;  ms,  middle  strip  of  op.  1 ; nn,  the  points  on  op.  2 behind  which  the  alae  and  Z2  moved 
independently  and  hung  free  from  the  suspension  hinge  on  segment  ix;  op.  1 (vii  + viii),  1st  operculum 
on  adult  segments  vii,  viii;  op.  2 (ix)-op.  5 (xii),  2nd  to  5th  opercula  on  adult  segments  ix-xii;  pdo, 
posterior  doublure;  pi,  pleural  spine;  R,  true  Right  side;  s xiii,  s xiv,  sternal  plate  of  metasomatic  ring 


478 


PALAEONTOLOGY,  VOLUME  7 

of  adult  segments  xni,  xiv ; sm,  smooth ; spa,  spatula ; sut,  suture ; T vii — T xii,  tergites  of  adult  seg- 
ments vn — xn;  Zl,  1st  Zipfel,  on  op.  1 ; Z2,  2nd  Zipfel,  on  op.  2. 

Repositories.  The  following  abbreviations  are  used  throughout: 

AMNH  = American  Museum  of  Natural  History,  New  York. 

BU  = Geology  Department,  University  of  Birmingham. 

CNHM  = Chicago  Natural  History  Museum. 

GSM  = Geological  Survey  and  Museum,  London. 

MCZ  = Museum  of  Comparative  Zoology,  Harvard  College,  Cambridge,  Mass. 

UI  = Geology  Department,  University  of  Illinois,  Urbana. 

USNM  = United  States  National  Museum,  Washington. 

Segmentation.  The  segments  of  the  adult  are  indicated  in  roman  numerals.  As  in  E.  fischeri  the  1st 
operculum  is  regarded  as  composite,  genital  (vii)  plus  1st  branchial  (vin).  This  numbering,  which  is 
based  on  what  can  be  seen  in  the  fossil,  differs  from  that  employed  by  zoologists  in  which  the  genital 
is  regarded  as  viii,  which  is  its  number  in  the  embryo,  the  viith  or  pregenital  being  usually  greatly 
reduced  or  lost  in  the  adult  chelicerate  (see  Wills  1947,  1959,  1960). 

The  sex  problem.  Anthraconectes  was  probably  sexually  dimorphic.  Individuals  with  long,  three-jointed 
1st  Zipfel  (Stormer’s  Type  A)  are  here  regarded  as  female,  on  account  of  the  complexity  of  the  genital 
modifications  which  affect  two  opercula,  in  a way  closely  similar  to  that  found  by  Holm  and  myself 
to  occur  in  E.  fischeri.  The  full  case  for  this  determination,  which  differs  from  that  propounded  by 
Stormer  (1935),  has  been  set  out  in  my  paper  on  E.  fischeri,  and  is  further  discussed  on  p.  504. 
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Genus  anthraconectes  Meek  and  Worthen  1868 
DIAGNOSIS  OF  THE  VENTRAL  ORGANS 

The  2nd  joint  of  chelicera  about  two-thirds  the  length  of  metastoma;  prosomatic 
appendages  ii-v  increase  in  length  backwards  from  coxa;  three  or  four  joints  to  coxa 
and  seven  joints  (with  paired  spines  on  the  distal  joints  and  a pointed  terminal  spine) 
on  each  leg.  Coxae  with  spined  or  toothed  gnathobases.  Prosomatic  appendage  vi 
(a  paddle)  has  very  large  coxa  with  toothed  gnathobase  and  rod-like  ?flabellulum  on 
dorsal  side,  five  joints,  and  a blade  of  three  pieces  and  one  small  terminal  piece.  Metastoma 
oval,  slightly  emarginate  in  front.  Ventral  skin  of  coxae  of  appendage  vi  and  of  the 
mesosomatic  opercula  covered  with  close-set  small  and  very  small  triangular  scales 
except  where  overlapped.  Venter  sexually  dimorphic: 

Type  A,  $.  No  clasping  organs  known.  Metastoma  more  than  half  the  length  of  the 
carapace.  1st  operculum  long,  with  long  median  three-jointed  rod-like  1st  Zipfel  with 
rounded,  slightly  emarginate  distal  end,  flanked  by  a pair  of  spatulae  extending  dorsad 
to  it.  Spatulae  fused  to  the  alae  except  at  their  posterior  ends.  Alae  sutured  to  one  another 
and  to  the  hastate  proximal  end  of  the  Zipfel.  Slight  indications  only  of  triangular  areas 
in  front  of  Zipfel,  but  no  defining  sutures.  2nd  operculum  with  median  anterior  projec- 
tion covered  with  hairs;  lamina  of  bilobed  alae  continuous  in  front  of  2nd  Zipfel,  which 
consists  of  an  unpaired  proximal  part  and  a distal  pair  of  terminal  spikes,  lying  dorsad 
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to  the  3rd  joint  of  the  1st  Zipfel.  3rd-5th  opercula  without  median  sutures,  and  with  or 
without  unornamented  gill-spot  near  each  lateral  end:  so  also  on  1st  and  2nd  opercula. 

Type  B,  6.  Clasping  organ  on  3rd  leg  (appendage  iv).  Metastoma  less  than  half  the 
length  of  carapace.  1st  operculum  short  with  short  median  three-jointed  Zipfel  having  a 
bifid  distal  end  projecting  slightly  behind  the  posterior  margin  of  the  spatulae.  Anterior 
end  of  Zipfel  not  hastate,  but  passing  squarely  without  any  suture  into  the  median  part 
of  the  lamina.  Spatulae  short.  2nd  operculum  without  genital  adaptations  and  similar 
to  3rd-5th  opercula  of  both  sexes. 


DESCRIPTION 

The  present-day  consensus  of  opinion  is  that  A.  mazonensis  and  A.  moyseyi  are  cer- 
tainly congeneric,  and  specifically  very  close,  if  not  identical  (Moore  1936,  Kjellesvig- 
Waering  1948,  van  Oyen  1956).  These  views  have  been  based  mainly  on  the  dorsal 
features,  and  little  attention  has  been  paid  to  the  ventral  organs,  our  knowledge  of  which 
has  been  derived  chiefly  from  the  holotype  of  A.  mazoneusis.  It  seems  advisable,  therefore, 
to  redescribe  the  American  species  first,  although  the  ‘Nottingham  Beetle’  gives  fuller 
information. 


A.  The  American  Species 
A.  mazonensis  Meek  and  Worthen  1868 
I.  The  Holotype,  an  individual  with  Type  A genital  organs. 

A rubber  cast  of  the  holotype  which  is  in  the  Geology  Department,  University  of 
Illinois,  UI  X345,  forms  the  basis  of  the  following  description  (see  PI.  77,  fig.  1 ; text- 
fig.  1). 

This  cast  reproduces  the  features  of  the  actual  ventral  surface  of  the  animal  which  is 
seen  in  low  relief  and  with  the  details  of  the  skin-ornament  wonderfully  displayed.  So 
much  is  this  the  case,  that  parts  originally  unornamented  and  smooth  can  generally  be 
recognized  with  certainty.  The  same  perfection  is,  however,  not  found  in  the  front  of 
the  prosoma,  the  distal  parts  of  the  legs  and  some  parts  of  the  metastoma.  In  text-fig.  I 
the  ornament  is  perforce  shown  semi-diagrammatically,  for  the  squamation  on  many 
parts  is  too  small  to  be  represented  to  true  scale.  Most  of  it  is  hardly  visible  on  the  photo- 
graph (PI.  77,  fig.  1). 

A comparison  of  the  rubber  cast  of  the  holotype  with  that  of  the  counterpart  (AMNH 
8538)  shows  that  a natural  rock-cast  of  the  body  together  with  the  actual  chitinous  skin 
was  lost  when  the  nodule  containing  the  fossil  was  broken  open.  This  can  be  verified  by 
noting  the  complete  difference  between  text-fig.  1 and  Clarke  and  Ruedemann’s  pi.  26, 
fig.  1 (1912).  It  is  quite  certain  that  the  skin  was  originally  there;  for  on  both  rock 
specimens  there  are  little  pits  representing  the  finest  details  of  the  ornament  of  scales, 
which  show  up  beautifully  as  projections  in  the  rubber  casts. 

While  Meek  and  Worthen’s  figure  (1868a,  p.  21)  is  in  general  correct,  the  rubber  cast 
throws  further  light  on  a number  of  points: 

1.  There  are  two  indistinct  features  near  the  front  of  the  prosoma,  which  may  re- 
present the  two  chelicerae  (text-fig.  1). 

I i 
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2.  The  coxa  of  the  R.  1st  leg  (appendage  ii)  is  present. 

3.  Most  of  the  paddle  (appendage  vi)  shown  in  Meek  and  Worthen’s  figure  is  no 
longer  visible.  A large  protuberance  visible  on  the  left  side  of  the  photograph  (PI.  77, 
fig.  1)  represents  a gap  in  the  holotype  where  a piece  of  the  nodule  has  broken  away. 
This  piece  must  have  been  in  place  in  1868,  for  they  not  only  figured  the  paddle  but 
referred  to  it  specifically  in  their  description.  Clarke  and  Ruedemann’s  figure  of  the 
counterpart  of  the  holotype  shows  only  the  same  proximal  joints  that  can  be  seen  in 
the  rubber  cast  of  the  holotype. 

Half-moon-shaped  and  pointed  scales  can  be  seen  on  the  proximal  joints  of  the  proso- 
matic  appendages  and  elongate  linear  and  obtuse  ones  on  the  metastoma,  but  the  cast 
does  not  show  the  full  pattern  of  ornament  figured  by  Meek  and  Worthen  on  the  latter. 

4.  The  post-metastomal  waist  (which  is  the  ventral  expression  of  the  major  hinge 
between  the  prosoma  and  the  mesosoma)  is  clearly  shown  by  the  relief.  The  prosoma 
lies  stretched  forward  so  that  virtually  the  whole  of  the  1st  operculum  is  displayed.  The 
coxae  of  appendage  vi  are  broken  away  behind,  but  what  remains  shows  that  they,  like 
the  metastoma  which  is  completely  preserved,  lay  in  a plane  well  below  that  of  the  oper- 
culum. I have  elsewhere  suggested  that  the  metastoma  may  have  been  boss-shaped  in 
life,  whereas  it  generally  appears  as  a flat  plate  in  the  fossils.  Even  in  this  extended  state 
the  waist  is  distinct,  and  must  have  been  much  more  accentuated  when  the  body  was 
contracted,  as  it  is  in  MCZ  7163  (PI.  77,  fig.  2). 

5.  The  ventral  parts  of  the  mesosoma  and  the  first  two  sternal  plates  of  the  metasoma 
are  covered  by  close-set  minute  scales  wherever  the  organs  were  fully  exposed  to  the 
elements,  with  the  exception  of  the  distal  part  of  the  Zipfel,  which  is  bare  of  ornament. 
Where  the  front  of  each  operculum  was  normally  protected  by  the  overlap  of  the  pre- 
ceding one  or,  in  the  case  of  the  1st  operculum,  by  the  overlap  of  the  metastoma  and 
coxae  VI,  the  ornament  is  diminutive  or  non-existent.  An  example  of  this  can  be  seen 
on  the  left  side  of  the  5th  operculum  where  part  of  the  4th  has  been  broken  away. 

The  sternal  plate  of  the  2nd  metasomal  ring  (text-fig.  1,  S xiv)  appears  almost  bare  of 
ornament,  but  this  may  be  due  to  the  fracture  that  divided  the  nodule  having,  at  this 
point,  passed  along  the  inside  instead  of  the  outside  of  the  skin. 

The  two  unornamented  patches  between  the  broken  ends  of  the  gnathobases  of  appen- 
dage VI  and  the  front  of  the  1st  operculum  are  probably  casts  of  the  thin  skin  of  the  upper 
sides  of  those  parts  of  the  gnathobases  that  have  been  lost. 

6.  The  1st  operculum  is  seen  to  have  consisted  of  three  strips — anterior  {as),  middle 
{ms),  and  posterior  strips  {ps) — as  in  Eurypterus,  but  the  strips  are  separated  by  slight 


EXPLANATION  OF  PLATE  77 

Authraconectes  mazonensis  Meek  and  Worthen  1868  (photographed  by  reflected  light). 

Fig.  1.  Ventral  view  of  the  ventral  surface  (cf.  text-fig.  1).  A latex-rubber  cast  of  the  holotype, 
UI  X345.  Type  A,  natural  size. 

Fig.  2.  Ventral  view  of  ventral  organs  of  prosoma  and  part  of  mesosoma.  The  distal  part  of  1st  Zipfel 
broken  away,  revealing  end  of  2nd  Zipfel.  Type  A,  MCZ  7163,  after  development,  X L8. 

Fig.  3.  Ventral  view  of  a type  B individual,  MCZ  7162,  after  development  (cf.  text-fig.  3).  Apart  from 
the  prosomatic  appendages,  most  of  the  ventral  skin  is  missing.  X 1-8. 

Fig.  4.  Ventral  view  of  part  of  1st  operculum  of  Type  B,  showing  the  Zipfel  and  R.  spatula,  isolated 
from  MCZ  7162  (cf.  text-fig.  4b).  Slide  MCZ  7162/1,  X 10. 
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TEXT-FIG.  1 . A.  mazouemis  Meek  and  Worthen,  Type  A,  UI  X345.  Ventral  view  of  a latex-rubber  cast 
of  the  holotype.  For  key  to  abbreviations,  see  p.  477. 
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ridges  and  not  by  lines  of  elongate  mucrones.  The  ridges  resemble  those  seen  along  the 
front  of  the  exposed  part  of  each  of  the  remaining  opercula.  The  anterior  strip  is  an 
obtuse  triangle  with  its  apex  immediately  behind  the  metastoma,  to  the  doublure  of 
which  it  was  no  doubt  connected  by  thin  skin.  The  base  of  this  triangle  is  much  shorter 
than  the  full  width  of  the  1st  operculum,  since  it  contributed  to  the  post-metastomal 
waist.  So  in  a lesser  degree  did  the  middle  strip.  The  posterior  strip  closely  resembles 
the  exposed  portions  of  the  other  opercula,  but  is  divided  behind  by  a notch  on  either 
side  of  the  Zipfel  into  an  inner  spatula  and  an  outer  ala.  Until  recently  spatulae  were 
only  known  from  A.  mazonensis  and  A.  moyseyi,  but  similarly  placed  plates  are  now 
recognized  in  Dolichopterus  Caster  and  Kjellesvig-Waering  1956,  and  Parahiighmilleria 
Kjellesvig-Waering  1961.  (Holm  1898,  pi.  4,  fig.  23  of  Dolichopterus  laticeps  shows  the 
spatulae  clearly.)  The  two  spatulae  extend  under  the  Zipfel. 

The  Zipfel  has  a triangular  ‘hastate’  end  to  its  main  joint.  The  bases  of  the  triangle 
appear  to  coincide  with  the  points  at  which  the  Zipfel  and  the  spatulae  began  to  be  free 
from  the  body,  and  at  which  the  posterior  ends  of  two  lines  diverge  forward  across  the 
middle  and  anterior  strips.  These  lines  are  shown  in  Meek  and  Worthen’s  figure,  and 
have  been  regarded  by  more  recent  workers  as  corresponding  to  the  sutures  which  define 
the  pair  of  ‘pentagonal’  or  ‘deltoidal’  plates  in  Eurypterus  and  Dolichopterus.  Close 
examination  shows  that  the  line  on  the  true  Left  of  the  holotype  is  conspicuous  because  of 
a fold  and  fracture,  and  that  that  on  the  Right  is  barely  recognizable.  There  is,  at  most,  a 
slight  interruption  of  the  continuity  of  the  ornament.  The  lines  do  not  extend  across 
the  anterior  strip.  In  A.  moyseyi  the  corresponding  parts  can  be  examined  by  transmitted 
light  and  show  no  sign  of  sutures  (p.  498,  PI.  78,  fig.  3;  PL  79,  fig.  1).  Possibly  the  lines 
in  the  holotype  represent  the  position  of  the  anterior  boundary  of  the  1st  gill-pouch 
along  which  the  free-hanging  portions  of  the  operculum  parted  company  from  the  fixed 
sternal  portion.  This  interpretation  is  based  on  my  discoveries  in  Eurypterus  (Wills 
1964). 


EXPLANATION  OF  PLATE  78 

Anthracouectes  moyseyi  H.  Woodward  1907.  All  the  figures  refer  to  parts  of  one  specimen,  BU  751. 

Figs.  3-7  photographed  by  combined  reflected  and  transmitted  light:  Figs.  1,  2,  8 by  reflected  light. 

Fig.  1 . Dorsal  view  of  dorsal  surface  before  development,  now  in  Marco  block  (cf.  text-fig.  6a),  x 2-25. 

Fig.  2.  Progress-photo  of  the  ventral  organs,  less  most  of  the  2nd  operculum  which  had  been  extracted. 
Some  organs  outlined  in  white  (cf.  text-fig.  6b).  X 2-25. 

Fig.  3.  Ventral  view  of  most  of  the  1st  operculum  with  parts  slightly  displaced  at  the  sutures.  Note 
absence  of  triangular  or  deltoidal  plates  and  the  position  of  the  gill-spots  (cf.  text-fig.  10).  Slide 
BU  751/18,  x4. 

Fig.  4.  Ventral  view  of  most  of  the  2nd  operculum  with  the  distal  part  of  the  2nd  Zipfel  restored  to  its 
original  position  (cf.  text-fig.  10).  Slide  BU  751/1,  x4. 

Fig.  5.  True  dorsal  view  (ventral  as  found)  of  the  endostoma  with  its  bristles  shown  pointing  forward 
(cf.  text-fig.  9b,  d).  Slide  BU  751/19,  x7-5. 

Fig.  6.  The  true  ventral  view  (dorsal  as  found)  of  the  same.  The  bristles  are  shown  pointing  forward, 
but  the  backward  pointing  granules  of  the  carapace  also  point  forward  (not  clearly  seen  in  photo) 
(cf.  text-fig.  9a,  c),  X 7-5. 

Fig.  7.  Dorsal  view  of  the  metastoma  and  parts  of  the  vth  and  vith  prosomatic  appendages  with  the 
vith  gnathobase  outlined  (cf.  text-fig.  8b).  For  ventral  view  see  PI.  79,  fig.  4.  Slide  BU  751/16,  X 2. 

Fig.  8.  Dorsal  view  of  the  median  eye-node  showing  the  lenses  of  the  two  ocelli.  Slide  BU  751/10,  X 10. 
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In  the  present  specimen  it  can  be  seen  conclusively  that  the  spatulae  and  alae  are 
united  except  for  a short  distance  at  their  posterior  edges.  On  the  other  hand  I find  no 
indication  on  the  alae  of  the  1st  or  any  other  operculum  of  a modification  of  the  pattern 
of  scale  ornament  comparable  to  the  unornamented  or  barely-ornamented  patches 
(gill-spots)  seen  on  all  the  five  opercula  of  A.  moyseyi  (p.  496). 

The  Zipfel  is  extremely  well  preserved,  and  is  remarkable  for  its  enormous  length,  its 
tip  lying  over  the  anterior  edge  of  the  exposed  part  of  the  5th  operculum.  Meek  and 
Worthen  picture  it  divided  by  three  sutures  into  four  joints,  but  state  that  they  are 
doubtful  about  the  existence  of  the  most  anterior  of  the  sutures  (their  No.  3).  The  rubber 
cast,  presenting  the  evidence  as  a positive,  shows  quite  clearly  that  their  No.  3 and  No.  2 
exist,  but  that  No.  1 is  absent.  The  jointing  of  the  Zipfel  thus  matches  closely  the  arrange- 
ment in  A.  moyseyi  (cf.  text-figs.  1 and  10a). 

The  proximal  main  joint  has  a hastate  triangular  anterior  end.  Except  for  a few  narrow 
scales  at  the  very  front  it  is  devoid  of  ornament.  From  the  base  of  the  anterior  triangle 
backwards,  it  can  be  seen  to  have  had  a narrow  flange  at  either  side,  which  underlay  and 
was  free  from  the  spatula.  It  tapers  backwards  to  end  in  a curved  articulation  that  lines 
up  with  the  back  of  the  2nd  operculum.  The  next  (middle)  joint  tapers  slightly,  and  may, 
before  compression,  have  been  narrower  than  it  now  appears,  for  there  are,  near  either 
side,  three  elongate  scales  that  may  have  defined  its  orginal  width.  The  second  articula- 
tion is  nearly  straight  and  shows  three  or  four  mucrones  out  of  what  was  a transverse 
row  (cf.  pp.  499,  501)  on  its  ventral  side.  The  third  joint  is  nearly  parallel-sided,  but  ex- 
pands slightly  at  the  end  into  two  blunt  lobes.  As  Meek  and  Worthen  state  ‘the  extremity 
...  is  slightly  expanded,  truncated  or  somewhat  rounded  and  not  bipartite’.  Just  in  front 
of  the  extremity  is  a tiny  pimple,  and  in  front  of  this  is  a depression  (in  the  cast),  the 
counterpart  of  which  in  the  specimen  they  mistook  for  an  articulation  (their  No.  1). 

7.  The  2nd-5th  opercula  are  splendidly  displayed.  The  maximum  breadth  of  the  animal 
occurs  at  the  2nd  and  3rd  opercula,  behind  which  it  decreases  gradually  to  the  5th.  The 
exposed  part  of  each  is  gently  rounded  at  the  post-lateral  corner  and  here  the  orna- 
mentation consists  of  long,  narrow  ridges,  sub-parallel  to  the  end  of  the  segment.  Else- 
where, as  already  noted,  there  is  an  overall  ornament  of  small  semilunar  scales  that  are 
coarsest  behind,  and  become  progressively  smaller  in  front,  until  they  are  a mere  dusting 
and  finally  disappear  from  the  part  overlapped  by  the  preceding  operculum. 

On  each  of  the  2nd,  3rd,  and  4th  opercula  there  is  a small  oval  depression,  ill-defined 
by  slight  folds,  near  to  their  R.  ends  (the  L.  ends  are  not  preserved).  The  pattern  of 
tiny  scales  passes  without  interruption  across  the  areas.  Nevertheless  the  depressions 
probably  correspond  to  the  unornamented  gill-spots  described  in  A.  moyseyi  (BU  751, 
p.  501),  where  they  are  to  be  interpreted  as  indications  on  the  operculum  of  the  positions 
of  the  gills  which,  by  analogy  with  Eurypterus,  would  be  sited  on  the  roof  of  the  gill- 
pouch  floored  by  the  operculum.  In  this  specimen,  however,  there  is  no  change  in  the 
pattern  of  scales  as  there  is  in  A.  moyseyi. 

The  2nd  operculum  has  its  median  portion  covered  by  the  1st  Zipfel,  and  conse- 
quently does  not  show  whether  or  not  it  was  bilobed  and  had  a 2nd  Zipfel.  The  3rd  and 
4th  opercula  also  have  their  median  parts  concealed  by  the  1st  Zipfel  but  probably  were 
devoid  of  a median  suture,  as  is  the  5th. 

8.  The  relation  of  the  opercula  to  the  tergites.  In  the  rubber  cast  of  the  ventral  surface 
(text-fig.  1)  the  only  part  of  the  dorsal  skin  that  can  be  seen  is  the  post-lateral  doublures 
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of  the  sharp  pleural  spines  {pJ,  x-xiv)  of  the  10th-14th  tergites,  which  are  better  displayed 
in  the  ventral  view  of  the  counterpart  AMNH  8538,  figured  by  Clarke  and  Ruedemann 
(1912,  pi.  26,  fig.  1).  Each  of  the  10th-12th  spines  lies  rather  behind  the  rounded  post- 
lateral corner  of  the  corresponding  operculum,  namely  the  3rd,  4th,  and  5th.  As  in 
E.  fischeri,  the  opercula  were  probably  hinged  to  the  body  along  their  front  edges, 
and,  except  along  these  hinges,  were  separated  from  the  dorsal  skin  (the  tergites)  by 
the  body  itself  (covered  by  the  thin  skin  of  the  posterior  and  lateral  doublures  of  the 
tergites),  and  by  the  water-spaces  of  the  gill-pouches. 

9.  The  metasoma  (last  abdominal  segment  xiii  and  tail  segments).  The  exposed  part 
of  sternal  plate  xiii  is  shorter  than  the  exposed  part  of  any  of  the  opercula,  but  it  carries 
a similar  ornament  of  small  scales.  Its  pleural  spine  appears  as  a particularly  formidable 
structure,  though  its  connexion  to  the  sternal  plate  of  the  body-ring  is  missing.  Its 
connexion  to  the  tergal  plate  is,  however,  well  preserved  in  the  counterpart  (Clarke  and 
Ruedemann  1912,  pi.  26,  fig.  1),  where  it  is  also  seen  in  ventral  view,  as  here.  In  the 
counterpart  too,  the  next  two  pleural  spines  and  their  supporting,  relatively  narrow, 
tergal  plates  are  clearly  displayed;  whereas  in  the  holotype  (text-fig.  1)  only  parts  of  the 
xivth  sternal  plate  and  its  pleural  spine  can  be  seen.  The  plate  appears  devoid  of  orna- 
ment, probably  because  one  is  looking  at  a cast  of  its  inner  surface.  There  is  finally 
a scrap  of  the  xvth  sternal  plate  with  scale  ornament  along  its  front. 

II.  Topotypes  of  A.  mazonensis  Meek  and  Worlhen 
(i)  MCZ  7163a,  b (having  Type  A genital  organs) 

Both  half-nodules  were  depicted  by  Kjellesvig-Waering  (1948).  His  pi.  4 and  pi.  5, 
fig.  3 showed  a dorsal  view  of  the  dorsum  and  some  fragments  of  appendages  as  pre- 
served in  7163u,  and  his  pi.  5,  fig.  4 depicted  the  counterpart,  7163Z?.  The  chitin,  where  it 
can  be  seen  (for  example  on  the  carapace)  is  fragmented  into  tiny  bits  set  in  white  kaolin, 
a feature  recalling  some  of  the  Carboniferous  ‘scorpion’  skins  (Wills  1959,  1960).  The 
counterpart  shows  a natural  cast  of  the  dorsal  skin  with  pits  representing  the  ornament 
of  scales.  There  is  a slight  indication  of  an  axial  knob  on  the  2nd  tergite,  similar  to  those 
described  by  Clarke  and  Ruedemann.  The  counterpart  also  shows  the  ends  of  the  first 
three  opercula  on  the  L.  side.  These  can  be  seen  in  Kjellesvig-Waering’s  pi.  4. 

I embedded  and  etched  7163a,  extracting  intact  the  five  distal  joints  of  the  L.  appen- 
dage v (the  4th  leg)  with  the  terminal  and  other  smaller  spines  still  attached  (text-fig.  2, 
slide  MCZ  7163/1).  I also  mounted  a fragment  of  the  posterior  edge  of  a tergite  with  a 
brush  of  setae  that  lined  the  posterior  doublure  (slide  MCZ  7163/2).  Of  the  ventral 
structures,  the  R.  chelicera  and  the  tip  of  the  1st  Zipfel  were  not  to  be  seen;  but  little 
else  was  missing. 

Unfortunately  the  matrix  proved  very  difficult  to  wash  away  from  the  skin,  and  conse- 
quently many  details  remain  obscured.  The  skin  is  now  embedded  in  a Marco  block 
and  can  be  examined  from  either  side,  the  dorsal  showing  the  features  pictured  by 
Kjellesvig-Waering  (pi.  4);  the  ventral  is  shown  by  my  PL  77,  fig.  2. 

At  one  stage  of  the  etching  I noticed  about  ten  circular  markings  about  3 mm.  in  diameter  on  a 
bedding  plane.  These  I thought  might  be  embryos — possibly  at  a stage  corresponding  to  the  trilobite- 
larva  of  Liniiiltis.  1 painted  them  with  Durofix  and  extracted  8 or  9,  but  I failed  to  mount  any  of  them 
satisfactorily.  The  best  ones  seemed  to  show  two  linear  structures,  one  on  either  side  of  the  circle, 
which  might  represent  rudimentary  paddles.  Two  poor  mounts  are  numbered  MCZ  7163/3  and  /4. 
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The  ventral  parts,  now  in  the  Marco  block,  are  not  easy  to  see  or  interpret,  because 
of  the  general  opacity  due  to  adherent  matrix. 

The  L.  chelicera  was  visible,  but  during  the  final  embedding  it  was  displaced  from  the 
position  shown  in  PI.  77,  fig.  2,  so  that  it  now  lies  transverse  to  the  body.  The  broadish 
hand  and  narrow  fingers  measure  about  8 mm.  in  length. 

The  coxae  and  proximal  joints  of  most  of  the  legs  and  paddle 
are  preserved,  and  display  their  denticle-covered  jaws  around 
the  oral  cavity.  Of  the  denticles,  most  point  backwards, but  a 
few  project  ventrally  (cf.  E.  fischeri  as  figured  by  Holm  1898). 

No  clasping  organs  can  be  seen.  The  coxa  and  first  two  joints 
and  part  of  a third  joint  of  the  4th  L.  leg  (A  v)  remain  in  place, 
and  complete  the  picture  of  that  appendage,  for  the  rest  of  it 
was  extracted  in  one  piece,  as  already  noted  (p.  484,  text-fig. 

2).  The  appendage  consisted  of  the  coxa,  seven  joints  (the  last 
two  with  spines),  and  a large  terminal  spine  carrying  two 
smaller  ones  on  its  ventral  side. 

The  metastoma  and  coxae  of  the  paddles  (appendage  vi), 
as  seen  in  ventral  view,  overhang  the  1st  operculum,  giving 
the  appearance  of  a waist ; but  most  of  that  operculum  is  visible 
(PI.  77,  fig.  2).  Its  structure  resembles  that  seen  in  the  holotype 
except  as  regards  the  Zipfel,  which  was  certainly  much  shorter 
than  the  gigantic  organ  of  the  type.  The  tip,  however,  was 
broken  away,  and  the  exact  length  is  unknown  (see  p.  483). 

The  loss  of  the  terminal  joint  and  part  of  the  2nd  joint  has 
revealed  two  narrow  structures  which  are  the  bifid  end  of  the 
2nd  Zipfel  on  the  2nd  operculum.  This  organ  was  unknown 
in  Anthraconectes  until  my  development  of  A.  moyseyi  (BU 
751),  but  its  discovery  was  not  unexpected  in  view  of  the  known  existence  of  a 2nd 
Zipfel  in  the  form  of  Eurypterus  that  has  a long  1st  Zipfel  (Type  A). 

Owing  to  the  retention  of  parts  of  both  the  1st  and  2nd  Zipfel,  it  is  not  possible  to 
see  whether  the  2nd  operculum  was  bilobed,  but  in  view  of  the  structure  discovered  in 
A.  moyseyi,  bilobation  may  be  safely  postulated.  There  is  no  indication  of  bilobation 
in  any  of  the  remaining  opercula,  nor  is  their  preservation  good  enough  to  permit  the 
detection  of  gill-spots. 


TEXT-FIG.  2.  A.  mazoneusis 
Meek  and  Worthen,  Type  A, 
MCZ  7163.  Ventral  view  of 
Appendage  v,  the  coxa  and 
2nd,  3rd,  and  part  of  4th  joint 
as  seen  in  the  Marco  block  of 
MCZ  7163,  in  present  rela- 
tion to  the  metastoma.  Half 
of  4th  and  5th-8th  joints  and 
terminal  spine  in  slide  MCZ 
7163/1.  For  key  to  abbrevia- 
tions, see  p.  477. 


(ii)  MCZ  7162a,  b (having  Type  B genital  organs) 

Both  half-nodules  of  this  small  but  very  complete  specimen  (half  the  size  of  the  holo- 
type) were  figured  by  Kjellesvig-Waering  (1948).  His  pi.  3,  fig.  3 and  pi.  5,  fig.  2 show 
the  dorsal  aspect  of  the  dorsum  as  exhibited  by  7162u.  The  fragmentation  of  the  chitin 
and  its  retention  by  kaolin,  and  the  ornament  of  the  tergites,  are  well  shown  on  his 
pi.  3,  fig.  3.  I embedded  and  etched  this  half-nodule  to  reveal  the  ventral  organs  (PI.  77, 
fig.  3 ; text-fig.  3).  The  prosomatic  appendages  were  found  complete,  with  the  exception 
of  the  R.  chelicera;  but  unfortunately  for  my  study  of  the  genital  and  respiratory  organs, 
the  opercula  of  the  mesoma  had  disintegrated  badly  before  fossilization,  and  only 
parts  of  the  1st  operculum  were  recovered.  The  chitin  of  the  sternal  plates  of  the  first 
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two  metasomatic  rings  is  fairly  well  preserved,  but  most  of  the  tail  is  represented  by  a 
cast  of  the  inside  of  the  sternal  plates  (text-fig.  3). 

The  following  features  are  noteworthy ; 

1 .  There  is  a sharp  triangular  spine  on  the  midline  of  the  front  of  the  carapace.  In  this 
specimen  it  points  almost  vertically  downwards  at  a place  where  there  are  traces  of  the 

anterior  doublure.  A similar  spiny  process  is  men- 
tioned in  Kjellesvig-Waering’s  (1948,  p.  20)  general 
description  of  A.  mazonensis.  The  Geological 
Survey’s  specimen  of  A.  moyseyi  (GSM  30250) 
also  shows  one  and  Clarke  and  Ruedemann  (1912, 
text-figs.  44,  116)  figure  a similar,  but  forwardly 
directed  spine  in  A.  mansfieldi  C.  E.  Hall.  It  is 
therefore  probably  a normal  feature  of  these 
Carboniferous  eurypterids  that  is  rarely  seen  owing 
to  its  ventral  inclination. 

2.  The  basal  joint  of  the  L.  chelicera  cannot  be 
recognized,  but  the  pincer  with  its  fixed  and 
movable  finger  is  well  displayed.  It  lies  on  its  side, 
and  is  roughly  triangular  in  outline  with  the  fingers 
in  sufficient  relief  to  show  them  to  be  of  equal 
size  and  slightly  curved.  Evidently  this  example 
lies  in  a position  at  right  angles  to  the  posture  of 
the  chelicera  figured  by  Kjellesvig-Waering  (1948, 
pi.  1,  fig.  3).  There  is  no  ornament  visible. 

3.  The  four  ‘legs’  are  well  preserved,  but  it  is  not 
possible  to  be  certain  about  the  exact  number  of 
joints  in  each,  nor  about  the  precise  shape  of  the 
coxae,  though  their  mandibular  denticles  are  clearly 
seen  surrounding  the  oral  cavity.  As  pointed  out  by 
Kjellesvig-Waering  (1948),  the  appendages  increase 
in  length  backwards.  Each  of  the  legs  ends  in  a long 
pointed  spine  that  appears  to  be  articulated  to  the 
last  joint,  which  itself  has  two  fixed  spines  near  its 
distal  end.  The  penultimate  joint  may  also  carry 
fixed  spines.  The  distal  ends  of  the  joints  show  an 
edging  of  mucrones  and  here  and  there  a small 
spine. 

The  number  of  joints  excluding  the  terminal 
spine,  but  including  the  coxa,  increases  backwards ; the  1st  leg  (A  ii)  having  four  or  five; 
the  2nd  leg  (A  in)  six;  the  3rd  (A  iv)  six  or  seven;  and  the  4th  (A  v)  eight.  There  is  thus 
a close  match  with  the  arrangement  in  E.fischeri  as  figured  by  Holm  (1898,  pi.  2,  fig.  1), 
but  the  first  three  legs  here  are  less  obviously  food-gatherers  than  in  Euryplerus. 

4.  On  both  of  the  3rd  legs  (A  iv)  there  is  a curious  structure  projecting  from  the  first 
or  possibly  the  second  joint  after  the  coxa.  That  on  the  R.  side  is  the  better  exposed.  It 
has  an  ornament  of  pointed  granules  and  the  appearance  of  being  two  jointed,  which 
is  probably  due  to  a fold  resulting  from  the  flattening.  These  organs  are  almost  certainly 


TEXT-FIG.  3.  A.  mazonensis  Meek  and 
Worthen,  Type  B,  MCZ  7 1 62  after  etching. 
Ventral  aspect  of  (1)  the  inside  of  the 
dorsal  organs  (ruled);  (2)  the  prosomatic 
appendages  except  the  r.  chelicera;  (3) 
parts  of  the  ventral  skin  and  of  internal 
casts  of  the  metasomatic  segments.  Inset, 
reconstruction  to  the  same  scale  of  the  1st 
operculum,  based  on  slide  71 62/1  and  on 
the  ends  of  op  1 shown  on  the  main  figure. 
Parts  obscured  by  matrix  stippled.  For 
key  to  abbreviations,  see  p.  477. 
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claspers,  and,  as  such,  are  evidence  that  this  individual  was  a male  (Holm  1898,  Stormer 
1934,  Wills  1964). 

5.  The  paddle  appendage  (A  vi)  is  modelled  on  very  similar  lines  to  the  paddle  in 
E.fischeri  (Holm  1898,  pi.  2,  fig.  1)  and  to  that  of  A.  mazonensis  as  figured  by  Kjellesvig- 
Waering  (1948,  pi.  1,  fig.  1).  It  consists  of  an  enormous  coxa  and  five  joints  followed  by 
the  actual  paddle-blade  made  up  of  three  large  elements  and  one  tiny  piece  at  the  end. 
As  preserved,  the  plane  of  the  blade  on  each  side  of  the  animal  makes  an  angle  of  about 
30°  to  the  general  plane  of  the  mesosoma,  sloping  inwards  and  downwards  in  relation  to 
the  body. 


TEXT-FIG.  4.  A.  mazonensis  Meek  and  Worthen. 

A,  B,  Parts  of  the  1st  operculum  of  Type  B isolated  from  MCZ  7162.  Slide  7162/1.  a,  Dorsal  view. 
Dorsal  structures  left  plain.  The  hairs  in  the  centre  are  probably  on  the  internal  dorsal  skin  of  the 
Zipfel.  Vertical  ruling,  ventral  skin  with  scales  showing  through;  diagonal  ruling,  parts  obscured  by 
matrix  on  their  dorsal  side,  b.  Ventral  view  showing  ventral  structures,  whether  they  are  exposed  on 
the  dorsal  or  ventral  side.  Diagonal  ruling,  parts  obscured  by  matrix  on  both  sides. 

c.  Ventral  view  of  parts  of  the  1st  and  2nd  opercula  of  a supposed  Type  B,  as  seen  in  a latex-rubber 
cast  of  CNHM  PE5094.  Zigzag  lines  are  fractured  edges;  stippled  where  ornament  can  be  seen; 
large  black  spot,  matrix.  The  spatulae,  lying  dorsad  to  the  Zipfel,  are  partly  hidden  by  it.  Its  distal 
end  is  not  visible,  being  covered  by  matrix  in  the  actual  fossil. 

D,  ? Young  example  of  Type  A.  Outline  of  the  median  part  of  the  1st  operculum  of  USNM  38866, 
copied  from  Kjellesvig-Waering  1948,  pi.  1,  fig.  6,  for  comparison  with  figs.  a-c. 

For  key  to  abbreviations,  see  p.  477. 

6.  The  1st  operculum  was  etched  out  in  several  small  detached  fragments,  the  greater 
part  of  it  having  disintegrated  during  entombment.  Luekily  one  piece  retaining  the  whole 
of  the  Zipfel,  and  one  spatula  with  some  of  the  laminate  anterior  part  to  which  these 
organs  were  attaehed,  was  recovered  and  mounted  (slide  MCZ  7162/1).  This  ean  be 
examined  from  either  side,  but  is  badly  obscured  in  places  by  adherent  matrix  (PI.  77, 
fig.  4;  text-figs.  4,  5).  The  short  Zipfel  eonsists  of  three  joints,  but  there  is  no  triangular 
hastate  front  end,  the  organ  merging  squarely  into  the  anterior  part  of  the  opereulum 
without  any  suture  or  interruption  of  the  ornament.  The  second  joint  ends  in  line  with 
the  posterior  edge  of  the  R.  spatula,  and  the  terminal  joint  projects  only  a very  short 
distanee  behind  this  line.  The  ventral  surfaee  of  the  main  and  seeond  joint  carries  a 
fair  number  of  pointed  seales,  and  each  has  a line  of  mucrones  at  its  posterior  end;  but 
the  terminal  joint  is  unornamented.  It  is  strongly  emarginate  and  has  the  appearance  of 
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ending  in  two  lobes.  On  its  dorsal  surface  there  is  a sharp  fold  in  the  skin  just  in  front  of 
the  base  of  the  lobes,  but  one  cannot  determine  whether  or  not  the  fold  marks  the 
position  of  the  actual  apertures  of  the  genital  ducts. 

The  dorsal  surface  of  the  proximal  part  of  the  originally  cylindrical  Zipfel  probably 
carried  the  long,  flexuous  hairs  which  can  be  seen  when  the  slide  is  examined  from  the 
dorsal  side  (text-fig.  4a).  Those  on  the  R.  have  the  appearance  of  underlying  the  survi- 
ving spatula,  which  suggests  the  possibility  that  they  were  attached  to  its  dorsal  side. 
However,  in  A.  moyseyi  (BU  751)  it  is  certain  that  similar  hairs  were  attached  to  the 
dorsal  side  of  the  Zipfel  (see  text-fig.  10a),  and  for  that  reason  I favour  assigning  these 
to  that  position. 

I regard  the  Zipfel  as  an  example  of  Type  B belonging  to  an  adult  male  (according  to 
Holm  1898).  The  question  of  sex  is  further  discussed  below. 


TEXT-FIG.  5.  A.  mazonemis  Meek  and  Worthen,  Type  B. 

A,  Tentative  reconstruction  of  opercula  1 and  2 in  ventral  view  based  on  analogy  with  E.  fischeri 
with  diagrammatic  sections.  1 to  4,  lines  of  longitudinal  sections;  a-f,  lines  of  transverse  sections. 

B,  Dorsal  view  of  the  reconstructed  middle  part  of  the  1st  operculum;  wide  ruling,  soft  parts  of  the 
body  cut  away  to  below  the  roof  of  the  1st  gill-pouch;  close  ruling,  vertical  section. 

c.  Ventral  view  of  b with  section  through  the  ala  and  body.  Dotted  line,  anterior  pocket  of  the  1st 
gill  pouch. 

For  key  to  abbreviations,  see  p.  477. 

The  spatulae  appear  to  have  been  short,  oval,  laminate  organs  that  were  continuous 
with  the  alae  except  for  a very  short  distance  on  their  posterior  sides.  The  ornament  of 
the  one  that  has  survived  in  place  is  depicted  on  text-fig.  4b.  The  other  spatula  was 
extracted  (slide  MCZ  7162/2).  The  internal  edges  of  the  two  spatulae  must  have  almost 
met  above  the  Zipfel.  The  spatulae,  the  alae,  and  the  Zipfel  all  began  to  hang  free  from 
the  body  at  about  the  same  point  (text-fig.  5c,  mm). 

Text-fig.  5 is  an  attempt  to  show  by  means  of  diagrammatic  reconstructions  and  sec- 
tions what  can  be  deduced  from  the  scraps  of  skin  recovered,  about  the  relations  of  the 
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Zipfel,  the  spatulae  and  alae  to  one  another,  to  the  body  and  to  the  possible  sites  of  the 
genital  apertures  and  the  gills. 

No  remains  of  the  2nd  and  subsequent  opercula  were  found. 

(iii)  CNHM  PE5094  (having  Type  B genital  organs) 

Dr.  Kjellesvig-Waering  has  kindly  lent  me  three  latex-rubber  casts  of  this  small 
specimen  (carapace  length:  15  mm.).  One  cast  shows  the  ventral  surface  seen  from  the 
ventral  side,  being  a cast  of  the  external  impression  of  the  fossil  on  the  rock.  By  courtesy 
of  Dr.  E.  S.  Richardson,  Jr.  (Chicago  Natural  History  Museum)  and  of  Dr.  Kjellesvig- 
Waering,  I give  a sketch  of  the  1st  operculum  and  remains  of  the  2nd  operculum  in 
text-hg.  4c.  Dr.  Kjellesvig-Waering  had  exposed  the  greater  part  of  the  Zipfel,  of  which 
only  the  anterior  end  was  originally  visible.  The  cast  shows  that: 

{a)  The  unornamented  Zipfel  has  no  hastate  anterior  end,  but  passes  forward  squarely 
into  the  ornamented  lamina,  exactly  as  in  MCZ  7162. 

(b)  The  Zipfel  appears  to  be  fairly  short.  Its  distal  end  is  hidden  but  what  is  visible 
reaches  to  well  behind  the  posterior  edges  of  the  spatulae.  It  is  therefore  relatively 
longer  than  the  Zipfel  in  MCZ  7162  and  in  USNM  38866  (below). 

(c)  The  spatulae  are  short  and  rounded  in  front,  and  appear  to  be  sutured  to  the  alae. 

{d)  There  are  no  triangular  areas  in  front  of  the  Zipfel. 

(e)  The  2nd  operculum  is  poorly  preserved,  and  one  cannot  be  certain  about  its 
structure. 

This  specimen  is  regarded  by  Kjellesvig-Waering  (in  lift.)  as  an  example  of  a Type 
B individual,  and  I agree  on  the  grounds  that  its  1st  operculum  seems  to  resemble  that 
seen  in  MCZ  7162  and  to  differ  from  the  operculum  of  USNM  38866.  This  last,  however, 
was  regarded  as  a Type  B individual  by  Kjellesvig-Waering  (1948). 

(iv)  USNM  38866  ( ? a young  example  of  Type  A) 

I have  not  had  an  opportunity  to  see  this  fossil  or  a cast  of  it.  The  following  remarks 
are  based  upon  the  description  and  illustrations  in  Kjellesvig-Waering  (1948);  an  en- 
larged drawing  of  the  median  part  of  the  1st  operculum  is  given  on  his  pi.  1,  fig.  6 
(copied  here,  text-fig.  4d).  The  whole  fossil  (his  pi.  6,  fig.  1)  has  much  the  same  propor- 
tions as  MCZ  7162,  but  is  smaller,  having  a carapace  length  of  11-8  mm.  as  against 
15-6  mm.  It  differs  from  it  in  the  following  respects: 

{a)  The  Zipfel  has  a hastate  anterior  end  which  is  ornamented  (cf.  Type  A in  the 
holotype  and  in  A.  moyseyi). 

(b)  On  either  side  of  the  hasta  of  the  Zipfel,  triangular  areas  are  shown,  comparable 
with  those  to  be  seen  in  the  holotype  (Type  A)  and  in  some  examples  of  Type  A 
of  A.  moyseyi  (below). 

(c)  The  2nd  and  3rd  joints  of  the  Zipfel  are  very  much  smaller  than  the  1st,  and  the 
3rd  joint  is  unique  in  having  a rounded  termination  without  any  emargination ; 
whereas  in  MCZ  7162  the  three  joints  are  sub-equal  in  length  and  the  3rd  is  strongly 
emarginate  (PI.  77,  fig.  4). 

The  1st  operculum  of  USNM  38866  appears  therefore  to  differ  from  that  organ  as 
developed  on  adults  of  both  Type  A and  Type  B,  but  to  have  more  affinity  with  Type  A 
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than  with  Type  B,  to  which  it  was  assigned  by  Kjellesvig-Waering.  I incline  to  the  view 
that  it  is  a young  example  of  Type  A.  Comparable  differences  between  young  and  adult 
opercula  are  known  in  E.  fischeri  (Holm  1898,  pi.  1,  fig.  11)  and  in  Slimonia  (Waterston 
1960).  Unfortunately  the  structure  of  the  2nd  operculum,  which  could  give  a definite 
answer  to  the  question  of  the  type,  is  not  known  for  certain  (Kjellesvig-Waering’s  pi.  6, 
fig.  1 suggests  that  its  middle  part  is  not  exposed). 

B.  The  English  Species 
A.  moyseyi  H.  Woodward  1907 

1.  The  ^Nottingham  Beetle',  BU  751  and  Slides  BU  75111  to  jS2 
Dorsal  anatomy 

Previous  to  dissection  the  skin  of  the  carapace  and  five  mesosomatic  tergites  with  the 
typical  ornament  of  triangular  and  almost  mucronate  scales  was  beautifully  displayed 
(PI.  78,  fig.  1;  text-fig.  6a);  but  it  was  damaged  during  the  etching  by  the  loss  of  the 


TEXT-FIG.  6.  A.  moyseyi  H.  Woodward.  Type  A,  BU  751.  a,  Dorsal  surface  as 
originally  exposed,  b,  Ventral  aspect  of  ventral  organs  (stippled)  approximately  as 
found  during  the  etch.  Carapace  and  tergites  outlined  from  a (broken  lines);  1st 
operculum  (heavy  stipple);  gill-spots,  restored  on  op  3~5  (vertical  ruling);  st  3,  5, 

6,  8,  parts  mounted  as  slides  (also  mounted  are  op  1 on  slide  BU  751/18  and  op  2 
on  slides  BU  751/1,  /4).  For  key  to  abbreviations,  see  p.  477. 

left  side  of  the  carapace  and  tergites  vii-ix.  Since  the  dorsal  surface  of  Anthraconectes 
and  Adelophthalmus  has  been  repeatedly  described  and  figured,  it  is  unnecessary  to  do 
more  than  call  attention  to  the  following: 

(a)  The  great  width  of  the  body  compared  with  the  length  of  the  carapace — a feature 
probably  indicating  that  this  was  a female  (p.  506). 

{b)  Seen  from  the  ventral  side  after  development,  one  of  the  intersegmental  articulation- 
infolds  between  adjacent  tergites  is  in  places  seen  to  be  guarded  by  a serried  band 
of  backward-pointing  parallel  setae.  One  cannot  be  certain  which  part  of  the 
folded  skin  bore  them.  Similar  bands  are  found  at  the  anterior  edges  of  the  oper- 
cula (p.  496). 

(c)  The  median  ocular  node  is  exceptionally  well  preserved  (slide  BU  751/10).  It  has 
two  smooth  circular  lenses  that  occupy  most  of  its  surface.  Their  optical  axes  point 
upwards  and  slightly  outwards  (PI.  78,  fig.  8). 
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Ventral  anatomy 

General.  The  elucidation  of  the  venter  was  my  chief  aim.  In  text-fig.  6b  I have  indicated 
its  parts  in  the  approximate  positions  they  occupied  in  relation  to  the  carapace,  tergites, 
and  bits  of  appendages  that  were  orginally  visible.  In  some  cases  the  position  of  a part, 
as  shown  in  the  figure,  may  have  resulted  from  displacement  during  fossilization,  but 
in  others  it  records  the  arrangement  after  etching  and  mounting — for  example,  coxa  v 
was  originally  concealed  by  coxa  vi  when  the  progress  photo  was  taken  (PI.  78,  fig.  2), 
but  as  mounted  on  slide  BU  751/16,  it  lies  well  in  front  of  coxa  vi  and  exhibits  its  hair- 
clad  ventral  face.  It  is  shown  in  this  position  on  text-fig.  6b.  There  is  also  some  un- 
certainty about  the  identification  of  some  of  the  isolated  fragments  of  appendages  as 
named  in  the  figure. 

Prosoma 

(a)  The  body-skin.  In  one  or  two  places  (in  the  Marco  block  and  on  slide  BU  751/11) 
the  lateral  doublure  of  the  carapace  is  seen.  As  in  E.fischeri  (Holm  1898,  pi.  3,  fig.  17) 
it  is  beautifully  ornamented  by  elongate  brown  thickenings  that  run  parallel  to  the  edge 
of  the  carapace  in  contrast  to  the  scales  on  its  dorsal  surface,  which  always  point  back- 
wards. None  of  the  thinner  ventral  skin  to  which  the  appendages  were  attached  has  been 
preserved. 

(b)  The  appendages  i-vi  (Ai-A  vi).  The  chelicerae  (Ai)  were  not  found.  Of  the  four 
legs  only  the  4th  pair  (A  v)  is  well  preserved  (text-fig.  6b).  It  is  clearly  a walking  leg  com- 
parable to  the  4th  leg  of  A.  mazonensis  (above,  p.  484  and  text-fig.  2)  and  also  to  the  same 
leg  in  E.  fischeri  (Holm  1898,  pi.  2,  fig.  1).  Its  coxa  (of  the  R.  side)  is  well  displayed  in 
slide  BU  751/16.  It  carries  a gnathobase  with  large  sharp  denticles,  which  had  been 
bent  on  itself  in  fossilization  (text-fig.  8b).  It  is  shown  restored  to  its  original  shape  in 
text-fig.  8a.  That  part  of  the  coxa  which  moved  above  the  gnathobase  of  the  paddle  is 
well  exposed.  It  is  covered  with  setae.  The  dorsal-facing  parts  are  obscurely  displayed, 
but  a curious  round  cavity  can  be  recognized  (text-fig.  8b,  e,  eg),  which  may  be  compared 
with  the  circular  hole  on  coxa  v of  E.  fischeri.  I have  suggested  (Wills  1964)  that  the 
latter  may  mark  the  site  of  the  opening  of  the  coxal  gland.  A similar  cavity  is  well  dis- 
played on  a detached  and  damaged  coxa  that  is  thought  to  belong  to  the  vth  appendage 
of  the  L.  side  (slide  BU  751/8). 

In  addition  to  the  gnathobase  on  coxa  v,  three  rather  similar  gnathites  were  extracted, 
of  which  the  smallest  was  the  foremost,  but  it  is  not  known  to  which  coxa  each  belonged. 
Two  (slides  BU  751/3,  /5)  are  figured  in  text-fig.  7.  Each  has  its  inner  edge  armed  with 
large  thorn-like  denticles  and  long  hair-like  movable  setae  which  occur  on  both  the 
upper  and  lower  surfaces.  Some  are  still  attached  but  many  are  witnessed  only  by  their 
facets.  The  denticles,  largest  in  front,  pointed  inwards  and  backwards  (in  a double  row 
in  BU  751/5,  text-fig.  7a,  b)  comparable  to  the  arrangement  in  the  2nd  coxa  (Am)  in 
E.fischeri  (Holm  1898,  pi.  2,  fig.  9).  The  majority  of  the  denticles  in  the  two  gnathites 
figured  seem  to  lie  more  or  less  in  the  same  plane  as  the  surfaces  of  the  sclerite,  but  it  is 
possible  that  this  appearance  results  from  compression,  and  that  some  may  have  pointed 
ventrally  like  those  described  in  A.  mazonensis  (above,  p.  485)  and  in  E.fischeri  (Holm 
1898,  pi.  2,  fig.  4).  On  slide  BU  751/5  there  is  towards  the  posterior  end  a bunch  of 
fine  hairs,  labelled  as  ‘epicoxal  hairs’,  on  the  supposition  that  the  bunch  is  comparable 
to  one  of  the  hair-covered  epicoxites  of  Eurypterus  described  by  Holm  (1898,  pi.  2, 
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figs.  3,  4,  9,  15,)  but  in  this  case  there  is  no  indication  that  the  hairs  were  borne  by  a 
separate  sclerite  as  they  were  in  that  genus. 

In  slide  BU  751/3  the  front  end  of  the  gnathite  is  heavily  chitinized  as  if  it  were  adapted 
to  crushing,  suggesting  that  the  specimen  may  be  part  of  the  R.  3rd  coxa.  The  foremost 
denticle  is  probably  bent  back  on  itself  in  the  matrix,  and  may  originally  have  pointed 
forwards,  roughly  as  indicated  in  text-fig.  7d.  (cf.  Holm  1898,  pi.  2,  fig.  4 of  3rd  coxa  of 
E.  fischeri.) 


A B I 1 C D 


TEXT-FIG.  7.  A.  moyseyi  H.  Woodward.  Type  A.  a,  dorsal;  b,  ventral  view  of 
gnathobase  on  the  coxa  of  ?L.  2nd  leg  (A  iii)  or  possibly  of  1st  leg.  Slide  BU  751/5. 
c,  ventral;  d,  dorsal  view  of  gnathobase  of  ?R.  3rd  leg  (A  iv).  Slide  BU  751/3.  eh, 
?epicoxal  hairs;  lad,  d,  large  anterior  denticle,  ? displaced  in  matrix;  lad,  o,  ditto,  in 
original  position;  Had,  ro,  ditto,  restored  to  original  position;  w,  matrix  with 
denticles  and  hairs  showing  through. 


TEXT-FIG.  8.  A.  moyseyi  H.  Woodward.  Type  A.  The  metastoma  and  associated  appendages  iv-vi. 

Slide  BU  751/16. 

A,  Ventral  view.  Stipple,  metastoma;  ruling,  L.  coxa  and  gnathobase  of  A vi.  The  hair-covered  part 
of  coxa  V originally  overlay  the  R.  gnathobase  of  A vi.  Its  toothed  gnathite  is  shown  restored  to  its 
original  position. 

B,  Dorsal  view,  showing  the  reversal  of  the  toothed  gnathite  of  A v,  as  it  is  preserved.  Light  stipple, 
ventral  skin  seen  from  within;  ruling,  dorsal  skin  of  L.  coxa  and  gnathobase.///),  ?flabellulum  (full 
black)  on  the  internal  strips  of  both  coxae;  unstippled,  surviving  part  of  the  dorsal  hair-clad  skin  of 
the  R.  coxa  A vi  and  of  the  doublure  of  the  metastoma.  Heavy  stipple,  matrix. 

D-F,  Diagrammatic  transverse  sections,  d,  through  the  middle  of  the  metastoma  showing  its  attach- 
ment to  the  body  and  the  position  of  the  flabellulum;  e,  through  the  front  of  the  metastoma,  the 
gnathobases  of  A vi,  coxae  of  A v,  the  endostoma,  the  mouth  (mo) ; F,  further  forward  through  the 
buccal  groove  (bg),  the  gullet  (gv),  and  coxa  and  gnathobase  of  A iv. 

For  key  to  other  abbreviations,  see  p.  477. 

(c)  The  metastoma  and  great  coxae  of  the  paddle  (A  vi)  with  their  gnathobases  were 
extracted  together  (slide  BU  751/16;  PI.  78,  fig.  7;  PI.  79,  fig.  4;  text-fig.  8).  The  metastoma 
shows  no  new  features  apart  from  the  hairs  on  its  broad  doublure.  In  text-fig.  8d  it  is 
interpreted  as  a boss,  pendent  from  the  body,  with  water-spaces  above  the  doublure, 
in  which  the  coxae  of  the  paddle  were  free  to  move,  their  toothed  gnathobases  projecting 
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beyond  the  front  of  the  metastoma  (text-fig.  8a),  just  as  they  do  in  A.  mazonensis  (MCZ 
7162,  text-fig.  3,  and  the  example  figured  by  Kjellesvig-Waering  1948,  pi.  1,  fig.  1);  but 
since  the  preparation  shows  both  sides  of  these  organs,  their  structure  is  for  the  first  time 
fully  revealed  (a  detached  coxa  vi  of  imhofi  Reuss,  showing  one  surface  admirably,  is 
figured  by  van  Oyen  (1956,  pi.  19,  fig.  196n,  b).  The  coxa  is  dorso-ventrally  flattened 
and  almost  circular  in  outline  behind,  with  a large  mandibular  process,  the  actual 
gnathobase,  projecting  forward.  The  external  skin  is  thick  and  covered  with  scale 
ornament;  the  internal  skin  is  thin  and  hair-clad  in  places.  The  whole  coxa  was  pivoted 
to  the  body,  at  a point  not  far  from  its  centre,  by  muscles  that  entered  it  from  above 
(text-fig.  8d).  On  the  internal  lateral  dorsal  surface  near  this  point  there  is  on  each  coxa 
a minute  rod-like  process  protruding  into  the  space,  mentioned  above  as  existing  between 
the  body  and  the  dorsal  skin  (doublure)  of  the  metastoma  (text-fig.  8b,  t>,  fib).  Perhaps 
this  rod  may  be  a homologue  of  the  flabellulum  on  appendage  vi  of  Limidus.  Distally 
the  dorsal  and  ventral  skins  of  the  coxa  part  company  to  provide  the  socket  of  the  arti- 
culation of  the  first  joint  of  the  paddle,  the  1st  and  2nd  joints  of  which  are  still  in  place 
on  the  L.  side. 

The  mandibular  process  (the  gnathobase)  is  a heavily  chitinized  arm  projecting  for- 
wards to  expand  into  a saw-edged  jaw  with  ten  sharp  teeth  and  one  rounded  one  at  the 
inner  end.  As  preserved,  the  R.  and  L.  jaws  cross  one  another,  the  actual  biting  edges 
touching  one  another  only  near  the  front  (text-fig.  8b,  e),  but  an  outward  swing  of  the 
whole  coxa  would  bring  the  two  edges  into  one  straight  transverse  line,  just  behind  the 
buccal  groove.  By  analogy  with  Eurypterus,  it  was  just  here  that  the  broad  endostoma 
(below)  lay  immediately  above  the  jaws  (text-fig.  8e).  The  surfaces  of  the  gnathobases 
that  moved  across  one  another  are  covered  with  hairs. 

The  above  features  are  hard  to  describe  with  clarity,  but  they  are  elucidated  in  text- 
fig.  8 by  accurate  drawings  of  the  two  aspects  and  by  diagrammatic  sections.  It  is  only 
possible  to  represent  diagrammatically  the  numerous  minute  hairs. 

{d)  The  endostoma  (slide  BU  751/19,  PI.  78,  figs.  5,  6;  text-figs.  8e,  9).  This  specimen 
was  not  seen  in  its  natural  relation  to  any  part  of  the  body,  but  was  discovered  among  the 
final  washings.  It  presents  a general  resemblance  to  the  endostoma  of  E.fischeri  (Holm 
1898,  pi.  1,  figs.  7-10;  Wills  1964,  text-fig.  1),  which  was  a lip-shaped  structure  with  a 
ventral  covering  of  skin  that  turned  over  at  the  front  to  form  the  ventral  lining  of  the 
gullet.  But  in  this  specimen  difficulties  arise  from  its  present  orientation,  which  can  be 
established  in  the  following  way.  One  side  of  the  double-skinned  organ  is  partially  con- 
cealed by  a thin  layer  of  matrix,  which  in  turn  is  covered  locally  by  bits  of  the  carapace 
exhibiting  numerous  mucrones  and  scales  which  are  known  always  to  point  posteriorly. 
However,  the  shape  of  the  organ  and  the  distribution  of  hairs  on  it,  when  compared 
with  the  endostoma  of  Eurypterus,  show  that  the  closure  or  turnover  from  its  ventral 
to  its  dorsal  skin,  which  should  point  forwards,  here  points  in  the  backward  direction 
indicated  by  the  mucrones,  and  that  the  layer  of  skin  nearest  to  the  underside  of  the 
carapace  is  not  the  dorsal  skin  which  lined  the  gullet,  but  the  ventral  one  against  which 
the  gnathobases  of  the  paddle  worked.  This  anomaly  can  be  explained  by  postulating 
rotation  of  the  sclerite  during  fossilization  on  an  axis  transverse  to  the  body  in  such  a 
way  that  the  true  front  of  the  endostoma  was  brought  to  face  backwards  and  its  true 
ventral  surface  came  to  lie  dorsally  upwards,  as  indicated  diagrammatically  in  text-fig.  9f. 
Such  a rotation  is  not  improbable,  since  other  organs  around  the  mouth  were  found 
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to  have  been  displaced.  [In  one  dissection  of  Eurypterus  fischeri  the  endostoma  was 
found  displaced  in  the  matrix  within  the  body  just  below  the  5th  tergite  (Wills  1964).] 
Text-figs.  9a  and  b show  the  present  orientation,  in  relation  to  the  carapace,  of  the  two 
sides  of  the  endostoma  in  so  far  as  they  are  visible.  Text-figs.  9c  and  d are  reconstruc- 
tions of  the  corresponding  sides  (c,  the  true  ventral;  d,  the  true  dorsal)  as  they  would 
appear  after  the  suggested  rotation.  Unfortunately  there  is  not  enough  of  the  ventral 
skin  preserved  to  allow  its  complete  restoration.  In  both  c and  d the  distribution  of 
hairs  is  known  partly  from  setae  still  in  place  and  partly  from  the  facets  to  which  they 
were  attached. 

If  the  rotation  hypothesis  is  held  to  be  inadmissible,  it  follows  that  in  life  the  organ 
lay  in  its  present  position  and  orientation  with  regard  to  the  carapace ; that  the  ornament 
on  the  latter  suggests  a part  of  the  carapace  in  line  with  the  median  eyes ; and  therefore 
that  the  organ  belonged  to  the  front  rather  than  to  the  back  of  the  oral  cavity  and  was 
an  anterior  lip  or  labrum.  I would  reply  that  the  labnmi  of  a Eurypterid  has  never  been 
found,  but  must  have  been  a small  structure  in  view  of  the  shortness  of  the  adjacent 
coxae;  that  the  present  specimen  could  scarcely  be  functional  as  a lobrum;  that  its 
dimensions  are  appropriate  to  the  width  of  the  metastoma  and  the  gape  of  the  jaws  of 
the  gnathobase;  and  if  rotated  it  would  be  functional  as  the  posterior  lip  of  the  oral 
cavity  and  as  a filter  to  exclude  large  particles  from  ingestion.  Also  if  rotated,  a general 
match  of  its  structure  can  be  established  with  the  endostoma  of  E.  fischeri,  about  whose 
position  and  orientation  there  is  no  question. 

The  endostoma  was  a forwardly  directed  transverse  lip  about  2 mm.  long  and  5-5  mm. 
wide.  By  analogy  with  Eurypterus,  it  lay  across  the  back  end  of  the  buccal  groove  and 
formed  the  lower  surface  of  the  actual  mouth  (text-fig.  8e).  Its  dorsal  or  buccal  surface 
led  into  the  gullet,  and  its  ventral  surface  overlay  the  jaws  of  the  great  gnathobases  of 
the  paddle.  The  turnover  from  the  ventral  to  the  dorsal  skin  constituted  the  actual  lip, 
which  seems  to  have  been  thin  and  fairly  sharp-edged.  In  outline  it  is  slightly  embayed 
in  the  middle,  and  here  the  skin  is  thickish.  A similar  but  deeper  embayment  in  E. 
fiseheri  marks  the  point  at  which  the  ventral  skin  passed  into  the  lining  of  the  gullet. 


EXPLANATION  OF  PLATE  79 

Anthracouectes  moyseyi  H.  Woodward  1907.  All  the  figures  refer  to  parts  of  one  specimen,  BU  751, 

photographed  by  combined  reflected  and  transmitted  light. 

Fig.  1.  Dorsal  view  of  median  part  of  the  1st  operculum  with  ornament  and  hairs  showing  through  in 
places,  and  a band  of  setae  belonging  to  the  front  edge  of  the  2nd  operculum  near  the  back  margin 
of  the  alae  and  spatulae  (cf.  text-fig.  10a).  BU  751/18,  X 10. 

Fig.  2.  Dorsal  view  of  median  part  of  the  2nd  operculum  with  ornament  and  hairs  showing  through  in 
places,  and  a band  of  setae  belonging  to  the  front  edge  of  the  3rd  operculum  pressed  against  matrix 
near  the  back  margin  of  the  alae  (especially  clear  on  L.  side).  Note  the  inner  edges  of  the  alae  over- 
lapping dorsad  to  the  Zipfel  (restored  to  its  original  position),  and  the  hair-clad  nature  of  the  median 
triangular  projection  passing  back  into  the  unornamented  ventral  skin  of  the  front  of  the  Zipfel  (cf. 
text-fig.  10b).  Slide  BU  751/1,  x 10. 

Fig.  3.  Dorsal  view  of  part  of  the  same  (with  the  overlapping  alae  removed)  and  the  dorsal  skin  of  the 
proximal  part  of  the  Zipfel  (slide  BU  751/4)  restored  to  its  original  position  (note  how  far  forward  it 
extends),  X 10. 

Fig.  4.  Ventral  view  of  metastoma  and  the  proximal  parts  of  appendages  iv-vi.  Coxae  A iv  and  A v 
have  been  displaced  forward  in  mounting.  The  gnathobase  of  coxa  A v was  bent  back  during  fossiliza- 
tion  (cf.  text-fig.  8a).  For  dorsal  view  see  PI.  78,  fig.  7.  Slide  BU  751/16,  X 5. 
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The  two  ends  of  the  lip  are,  on  both  surfaces,  thickly  covered  with  setae  which  cluster 
near  the  margins  to  form  a projecting  brush,  but  the  skin  adjacent  to  the  embayment  is 
bare,  except  for  a pair  of  minute  denticles  at  either  end  (text-hg.  9d,  dd).  Further  back, 
the  middle  of  the  dorsal  surface  is  covered  with  forward  pointing  hairs  like  those  at  its 
two  ends,  but  its  most  posterior  part  seems  to  have  been  bare.  The  middle  part  of  the 
ventral  surface  has  been  lost,  but  there  are  indications  that  the  whole  of  the  ventral  skin 
may  have  been  hairy,  except  just  behind  the  embayment  of  the  lip. 


TEXT-FIG.  9.  T.  woraev'/ H.  Woodward.  Type  A.  The  endostoma.  Slide  BU  751/19. 

A,  Dorsal  view  of  the  specimen  showing  adherent  bits  of  the  carapace  (stipple),  the  original  ventral 
skin  facing  dorsally  (plain),  and  the  inside  of  the  dorsal  skin  (ruled). 

B,  Ventral  view  of  the  specimen  showing  the  inverted  dorsal  or  buccal  skin  (plain)  with  hairs  and 
hair-facets,  matrix  (heavy  stipple);  thickened  lip  and  denticles  (dd)  (shaded). 

c,  Restoration  of  the  ventral  skin,  as  far  as  preserved  (plain),  in  its  original  orientation.  Inside  of 
dorsal  or  buccal  skin  (ruled). 

D,  Restoration  of  the  dorsal  or  buccal  skin  and  hairs,  in  its  original  orientation. 

E,  Longitudinal  section  based  on  c and  d.  d,  dorsal;  v,  ventral. 

F,  Diagram  to  illustrate  the  hypothesis  of  reversal  of  the  endostoma  prior  to  fossilization.  car, 
carapace;  oa,  the  original  anterior  end  rotated  to  the  reversed  position  (ra),  as  found. 

The  structure  of  the  endostoma,  as  here  interpreted,  differs  in  detail  from  that  of 
E.fischeri  (Holm  1898,  pi.  1,  figs.  7-10;  pi.  8,  figs.  1,  2;  Wills  1964,  text-fig.  1).  In  par- 
ticular the  whole  organ  must  have  projected  forwards  more  freely  on  either  side  of  the 
buccal  cavity,  and  the  setae  situated  at  the  two  sides  must  have  joined  forces  with  those 
on  the  gnathobases  of  the  coxae  of  the  legs  to  form  a still  more  efficient  sieve  than  that 
possessed  by  Eurypterus. 

The  post-metastomcd  waist.  The  metastoma  and  coxae  of  the  paddle,  when  first 
exposed,  concealed  the  front  part  of  the  1st  operculum  (PI.  78,  fig.  2),  indicating  that  the 
body  was  contracted  when  entombed.  In  this  position  the  post-metastomal  waist 
(p.  480)  was  virtually  non-existent. 

Mesosoma 

{a)  The  ventral  skin  of  the  body.  As  already  noted  there  has  been  no  preservation  of 
that  part  of  the  body-skin  which  lay  within  the  gill-pouches  and  which,  by  analogy 
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with  Eurypterus,  bore  a pair  of  gill-tracts  within  each  pouch  (Wills  1964).  However, 
there  is  wonderful  preservation  of  the  chitin  of  the  outer  and  inner  skin  of  the  Zipfeln, 
of  the  outer  skin  of  the  opercula  and  of  marginal  parts  of  their  inner  skins  (the  doub- 
lures),  and  of  many  of  the  setae  and  hairs  that  were  attached  to  the  inner  surfaces  of 
both  Zipfeln  and  opercula.  The  setae  to  be  described  in  the  following  section  as  lying 
within  the  intersegmental  folds  have  survived  even  though  the  skin  that  bore  them  has 
disappeared  completely. 

(b)  Relation  of  the  ventral  to  the  dorsal  organs.  In  the  mounted  1st  operculum  (slide 
BU  751/18)  it  can  be  seen  that  there  are  pressed  against  its  dorsal  surface  two  features 
that  do  not  belong  to  it,  both  of  which  are  of  value  in  determining  its  relationship  to 
the  rest  of  the  body.  The  first  and  most  conspicuous  is  a band  of  closely  packed  parallel 
setae  running  across  the  alae  and  spatulae  near  their  hinder  edges  (PI.  79,  fig.  1,  ant. 
do.  op  2).  Originally  these  setae  were  almost  certainly  attached  to  the  anterior  doublure 
of  the  2nd  operculum,  thus  recording  the  position  of  its  front  in  relation  to  the  1st, 
and  giving  an  indication  of  the  small  amount  of  overlap  of  the  1 st  over  the  2nd  operculum. 
A similar  band  representing  the  front  of  the  3rd  operculum  runs  across  the  dorsal  side 
of  the  2nd  operculum  (slide  BU  751/1 ; PI.  79,  fig.  2).  Both  these  bands  are  very  conspi- 
cuous, and  tend  to  obscure  the  distribution  of  the  hairs  on  the  internal  lateral  doublures 
of  the  opercula  on  to  which  they  have  been  pressed. 

The  second  feature  is  seen  on  the  dorsal  side  of  the  front  end  of  the  L.  ala.  It  is  a strip 
of  skin  with  the  heavy  mucronate  ornament  belonging  to  the  posterior  margin  of  the 
carapace.  The  position  of  this  important  dorsal  landmark  in  relation  to  the  1st  oper- 
culum has  been  utilized  in  constructing  text-fig.  6b,  in  which  an  attempt  has  been  made 
to  place  the  ventral  organs  in  their  correct  position  vis-a-vis  the  dorsal  ones.  There  has 
been  only  a slight  displacement  of  the  opercula  from  their  original  positions,  which  was: 
the  1st  operculum  (vii+viii)  under  tergites  vii  and  viii,  and  the  2nd-5th  opercula 
(ix-xii)  under  tergites  ix-xii  (text-fig.  6b).  The  exposed  part  of  each  overlapping  oper- 
culum is  just  about  as  long  as  the  exposed  part  of  the  corresponding  tergite  (or  two 
tergites  in  the  case  of  the  1st  operculum).  The  dimensions  of  the  concealed  parts  can 
be  established  for  the  2nd  and  3rd  opercula  (text-fig.  IOf). 

(c)  The  opercula.  The  1st  and  2nd  opercula  which  were  extracted  and  mounted  as 
slides  BU  751/1,  /4,  /18,  are  bilobed  with  the  two  halves  separated  by  the  1st  and  2nd 
Zipfeln  respectively.  In  the  1st  operculum  the  two  halves  are  each  divided  into  a spatula 
and  an  ala.  The  3rd,  4th,  and  5th  remain  in  the  Marco  block.  They  show  no  signs  of  a 
median  suture  or  of  bilobation.  In  this  respect  they  differ  conspicuously  from  Eurypterus, 
in  which  there  is  no  doubt  that  the  five  opercula  represent  a set  of  paired  branchial 
appendages,  branchial  in  that  each  operculum  floored  a gill-pouch  with  a pair  of  gills 
in  its  roof  (Wills  1964). 

The  part  of  each  operculum  normally  exposed  is  covered  by  a dense  ornament  of 
small  scales,  except  for  a small  bare  oval  area  near  each  lateral  end  (these  are  termed 
gill-spots  below);  but  the  part  normally  underlain  by  the  preceding  operculum  has  less 
ornament  or  none.  In  the  1st  and  2nd  opercula  the  very  front  is  thin  and  has  a few  hairs; 
possibly  the  anterior  strip  is  missing  from  the  1st;  but  in  any  case,  by  analogy  with 
Eurypterus,  no  anterior  doublure  is  to  be  expected  here.  In  the  2nd  operculum  the 
anterior  edge  turned  over  into  the  anterior  doublure  which,  as  already  noted,  was  thickly 
coated  with  setae. 
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The  complex  genital  modifications  of  the  1st  and  2nd  opercula  match  in  many  respects 
the  adaptations  found  in  Type  A individuals  of  Eitryplerus.  They  demand  detailed  de- 
scription. 

{d)  The  1st  operculum  (slide  BU  751/18;  PI.  78,  fig.  3;  PI.  79,  fig.  1 ; text-figs.  10a,  d,  f) 
is  a large  structure,  measuring  (without  the  Zipfel)  about  6-5x25  mm.  Before  etching, 
its  front  half  was  concealed  from  ventral  view  by  the  metastoma  and  coxae  of  the  paddle 
(text-fig.  IOf).  The  slide  shows  the  operculum  to  have  consisted  of  five  parts — the  mesial 


TEXT-FIG.  10.  T. /iio.vsm  H.  Woodward.  Type  A.  Slides  BU  751/1, /4, /1 8. 

A,  Dorsal  view  of  the  median  part  of  1st  operculum  (dorsal  skin  stippled);  ao.  Ventral  view  of  the 
distal  articulation  on  the  middle  joint  of  Zl.  b,  Dorsal  view  of  the  median  part  of  2nd  operculum  (the 
dorsal  skin  of  2nd  Zipfel  and  the  surviving  doublure  of  the  alae  with  hairs  are  stippled),  slightly  re- 
constructed. c,  Sagittal  diagrammatic  section,  d,  e.  Ventral  views  of  1st  and  2nd  opercula  with  the 
distribution  of  ornament  and  setae  outlined:  only  large  or  conspicuous  scales  indicated.  The  areas 
labelled  separately  are  not  sharply  defined,  f.  Ventral  view  of  metastoma,  coxae  of  A vi  and  opercula  1, 
2,  3 in  their  original  relative  positions,  as  deduced  from  a progress-photo  and  from  the  positions  of  the 
bands  of  setae  marking  the  anterior  edges  of  opercula  2,  3. 

do  2,  do  3,  anterior  doublures  of  op.  1,2;  egl,  large  elongate  scales;  egs,  small  ditto;  H2,  H3, 
suspension  hinges  of  op.  2,  3;  dm,  internal  lateral  margin  of  ala  of  op.  2;  oss,  thin  skin  with  small  scales 
and  setae;  pgs,  unornamented  gill-spot;  pig,  pigmented  scales;  psf  plain  thin  skin  without  setae;  psk 
(dor)  Z2,  plain  dorsal  skin  of  Z2;  psl,  plain  dorsal  skin  with  long  flexuous  setae;  psm,  ditto  with  many 
short  setae;  tgl,  triangular  scales,  large;  tgs,  ditto,  small.  For  key  to  other  abbreviations  see  p.  477. 

three-jointed  Zipfel  on  either  side  of  which  is  first  a short  narrow  spatula  and  then  a 
broad  ala.  The  exact  shape  of  the  front  of  the  ala  cannot  be  determined  in  this  or  any  of 
the  other  examples  of  A,  moyseyi',  but  it  was  probably  much  the  same  as  in  the  holotype 
of  A.  mazonensis,  where  a still  more  anterior  strip  is  seen  (p.  482;  text-fig.  1)  which  can 
be  matched  in  Eurypterus  and  Dolichopterus.  On  this  view  the  anterior  part  seen  in 
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slide  751/18  would  correspond  to  the  middle  strip  in  those  genera.  The  two  alae  are 
sutured  to  one  another  on  the  middle  line,  to  the  hastate  anterior  end  of  the  Zipfel,  and 
to  the  outer  sides  of  the  spatulae,  by  narrow  bands  of  thin  unornamented  skin,  frag- 
ments of  which  have  survived  despite  the  fracturing  which  took  place  along  the  sutures 
during  extraction  and  mounting.  There  is  no  change  in  the  pattern  of  ornament,  apart 
from  a deeply  pigmented  spot  (below)  to  suggest  the  presence  of  paired  ‘triangular’, 
‘pentagonal’,  or  ‘deltoidal’  plates  in  front  of  the  hasta  of  the  Zipfel,  nor  is  there  any  trace 
of  sutures  to  define  such  plates. 

This  observation  confirms  the  conclusion  reached  about  the  corresponding  parts  in 
A.  mazoneusis  (p.  482),  and  makes  it  improbable  that  the  triangular  areas  visible  in  some 
specimens  of  A.  moyseyi  (p.  504)  represent  discrete  plates.  I suggest  that  the  lines  appear- 
ing to  define  these  areas  on  their  outer  sides  were  produced  during  fossilization  by 
unequal  compaction  as  between  the  sternal  part  of  the  ala  and  its  free-flapping  opercular 
part  that  underlay  the  gill-pouch. 

The  alae  of  the  1st  operculum  are  considerably  longer  and  more  completely  covered 
by  scales  than  the  other  four  opercula.  The  gill-spots  are  perhaps  a trifle  smaller  than 
those  on  the  latter.  Very  little  of  its  original  anterior  and  lateral  outline  can  be  seen. 
Apart  from  bits  of  the  posterior  doublure,  the  internal  skin  of  the  alae  has  not  been 
preserved. 

Dorsad  to  the  alae  I searched  for,  but  failed  to  find,  any  remains  of  internally  directed 
tentacle-like  horns,  such  as  occur  in  Eurypterus  and  Dolichopterus. 

Ornament.  The  anterior  hastate  end  of  the  Zipfel  is  covered  with  medium-sized  trian- 
gular scales,  passing  behind  into  two  bands  of  large  transversely  elongate  ones,  but  the 
rest  of  its  surface  is  plain  (text-fig.  IOd).  The  whole  of  the  spatulae  and  most  parts  of 
the  alae  are  closely  covered  by  small  scales  of  two  types — transversely  elongate  and 
triangular.  The  general  distribution  is  shown  in  text-fig.  IOd.  The  elongate  scales,  small 
near  the  middle  line  and  somewhat  larger  elsewhere,  cover  most  of  the  front  part,  which 
in  life  was  underlain  by  the  coxae  of  the  paddle  (text-fig.  IOf).  On  this  strip  (the  supposed 
‘middle  strip’,  see  p.  480),  half-way  between  the  front  and  the  spatula,  is  a patch  of 
particularly  pigmented  scales  that  lay  above  the  point  at  which  coxa  vi  passed  above 
the  edge  of  the  metastoma  (text-fig.  10a,  d,  f).  Apart  from  this  pigmented  patch,  the 
pattern  sweeps  from  the  mid-line  towards  the  side  of  the  operculum  with  no  interruption. 

The  boundary  of  the  area  of  elongate  scales  is  not  sharp,  nor  is  there  a band  of  large 
mucrones  to  divide  the  ala  into  strips,  as  in  Eurypterus.  It  passes  in  front  of  the  gill-spot. 
Behind  the  boundary  is  the  posterior  strip,  in  which  the  ornament  consists  of  predomi- 
nantly triangular  scales,  with  the  exception  of  the  gill-spot  itself  which  is  an  oval  patch 
of  bare  skin  lying  toward  the  side  of  the  ala.  Around  the  spot  are  a few  elongate  scales 
that  serve  to  accentuate  its  bareness.  The  ornament  around  the  edges  of  the  spatula  and 
adjacent  ala  is  heavy  and  limbate,  and  near  the  posterior  end  of  the  former  the  scales  are 
drawn  out  into  linear  ridges  parallel  to  the  length  of  the  animal. 

Though  the  distribution  of  the  two  types  of  scale  ornament  was  probably  conditioned 
by  the  overlap  of  the  metastoma  and  coxae  of  the  paddle,  behind  which  there  was  freer 
contact  with  the  outside  elements  (a  similar  distribution  of  ornament  is  found  in  the 
2nd  operculum,  where  the  relation  of  the  area  of  overlap  to  the  area  of  elongate  scales 
is  even  closer),  it  is  not  impossible  that  the  boundary  between  the  two  strips  also  coin- 
cided roughly  with  the  limit  between  those  parts  of  the  Zipfel  and  alae  that  were  a sternal 
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portion  of  the  animal’s  ventral  body-wall,  and  those  parts  that  hung  free.  This  boundary 
would  then  indicate  the  front  of  the  gill-pouch.  The  position  of  the  gill-spots  suggests 
that  the  site  of  the  gills  themselves  was  further  towards  the  side  of  the  animal  than  in 
Eurypterus. 

The  Zipfel  was  a long,  three-jointed  rod  that  projected  freely  backwards  and  down- 
wards from  its  hastate  proximal  end  which  was  a sternal  part  of  the  body-wall.  In  front 
of  the  hasta  the  alae  met  at  a median  suture,  and,  as  already  mentioned,  there  are  no 
suture-defined  triangular  areas  comparable  with  the  pentagonal  plates  of  E.  fischeri, 
which  Holm  regarded  as  the  paired  basal  joint  of  the  Zipfel. 

(i)  The  main  joint  (proximal)  is  more  than  half  the  length  of  the  appendage.  Its  ornamented  hastate 
proximal  end  (text-fig.  IOd)  is  defined  on  either  side  by  sutures  as  far  back  as  the  points  at  which  they 
divide  around  the  front  ends  of  the  spatulae.  These  points  (text-fig.  10a,  mm)  also  mark  the  end  of  the 
fixed  (sternal)  hastate  part  and  the  beginning  of  the  free  hanging  rod:  for  distal  to  these  points  the  skin 
of  the  Zipfel  can  be  seen  to  have  been  tubular.  Its  ventral  surface  is  thick  and  devoid  of  ornament;  its 
dorsal  side  has  thin  skin  which  is  folded  (in  its  present  flattened  state)  into  a median  groove  and  two 
lateral  ridges  which  carry  long  posteriorly  directed  hairs  (PI.  79,  fig.  1 ; text-fig.  10a).  The  tubular  part 
of  the  main  joint  hung  below  and  quite  free  from  the  spatulae,  and  projected  backwards  for  a con- 
siderable distance  behind  them  (PI.  78,  fig.  3;  PI.  79,  fig.  1;  text-figs.  10a,  d). 

(ii)  The  middle  joint,  also  free  from  ornament  and  tubular,  was  articulated  to  the  main  joint  along 
an  almost  semicircular  line.  Its  other  end  is  straight  and  marked  on  the  ventral  side  by  a line  of  small 
mucrones  (text-fig.  10a)  similar  to  those  outlining  the  distal  ends  of  the  joints  of  the  legs. 

(iii)  The  terminal  joint  was  also  free  from  ornament  and  tubular,  but  sealed  at  its  distal  end,  which  is 
thickened  and  devoid  of  any  opening.  The  end  is  emarginate,  the  excavation  being  continued  forward 
for  a short  distance  by  a groove  that  gives  the  impression  that  the  tube  originated  through  the  fusion 
of  the  two  parts  of  a paired  organ. 

On  neither  the  main  nor  middle  joint  is  there  a pair  of  spurs,  as  there  is  in  Eurypterus', 
the  terminal  joint  takes  the  place  of  the  pair  of  furcae  in  that  genus.  The  Zipfel,  however, 
resembles  the  ‘type  A’  Zipfel  of  Eurypterus  in  that  no  aperture  can  be  seen  on  it.  Follow- 
ing Holm  (1898)  I contend  in  my  1964  paper  that  the  paired  genital  aperture  was  sited 
on  the  body  wall  at  the  base  of  the  inside  of  the  Zipfel.  It  is  in  this  position  that  I have 
shown  the  openings  in  the  diagrammatic  sections  (text-figs.  10c,  11,  section  b). 

The  spatulae  were  each  a short  narrow  oval-elongate  lamina  attached  to  the  body 
along  its  front,  where  the  soft  tissues  originally  merged  into  those  of  the  main  joint 
of  the  Zipfel  on  the  one  hand,  and  into  those  of  the  alae  on  the  other.  All  three  organs 
began  to  hang  free  from  the  body  at  this  point  (text-fig.  10a,  mm).  The  outer  skin  of  the 
spatula  was  ornamented  with  scales  (p.  498)  and  its  inner  skin  was  very  thin  and  covered 
with  long  hairs  (shown  diagrammatically  in  text-fig.  10a)  which  also  show  tlie  extent  to 
which  the  internal  skin  has  been  preserved. 

The  internal  lateral  edge  of  each  spatula  was  not  attached  to  the  Zipfel,  but  overlapped 
it  dorsally  (the  R.  spatula  was  displaced  ventrally  in  mounting,  and  is  so  shown  in 
text-fig.  10a).  The  other  edge  was  sutured  to  the  ala  for  some  distance,  but  how  far  back 
the  union  extended  cannot  be  determined  now,  since  the  parts  became  separated  during 
extraction.  In  the  holotype  of  A.  mazotiensis  and  those  specimens  of  A.  moyseyi  that 
show  the  ventral  surface  (see  p.  504),  the  notch  between  spatula  and  ala  extends  for 
about  a third  or  half  the  length  of  the  spatula,  but  I got  the  impression,  when  developing 
the  present  example,  that  most  of  it  was  free  to  flap  independently  of  the  ala,  for  when 
first  seen,  the  L.  ala  overlapped  the  L.  spatula,  but  the  R.  ala  was  overlapped  by  the  R. 
spatula. 
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In  searching  for  a homologue  of  the  spatulae,  I thought  at  first  that  they  might  equate 
with  the  tentacle-like  ‘horns’  of  Eurypterus  (nothing  directly  comparable  having  been 
found  during  the  preparation);  for  the  two  organs  hung  from  the  body  at  just  the  same 
point,  namely,  between  the  base  of  the  hasta  of  the  Zipfel  and  the  inner  edge  of  the 
laminate  part  of  the  operculum.  They  are,  however,  directed  posteriorly  and  down- 
wards away  from  the  body,  whereas  the  horns  in  Eurypterus  pointed  forwards  and  up- 
wards in  such  a way  that  they  always  remained  within  the  gill-pouch.  Later  I found  that 


TEXT-FIG.  11.  A.  moyseyi  H.  Woodward.  Type  A.  Diagrammatic  sagittal  and  transverse  sections  to  , 
show  the  structure  and  relationship  of  the  1st  and  2nd  opercula.  The  sections  are  based  on  the  flattened  ij 
skins;  but  the  spaces  within  the  animal  occupied  by  tissues  (stipple)  and  the  gill-pouches  occupied 
by  water,  have  been  expanded  vertically.  In  life,  both  were  larger  still,  and  surfaces  here  shown  flat 
may  have  been  strongly  curved.  Thick  lines  represent  skin  that  is  actually  preserved  in  the  fossil  or 
skin  evidenced  by  setae  visible  in  the  matrix.  Short  thin  lines  represent  setae;  long  thin  lines  represent 
the  ventral  skin  of  the  body,  the  gill-tracts  (zigzag  lines)  and  the  internal  skin  of  the  opercula,  none  of  j 
which,  except  bits  of  marginal  doublures,  has  been  preserved.  For  key  to  abbreviations  see  p.  477. 

II 

Dolichopterus  jewetti,  as  described  by  Caster  and  Kjellesvig-Waering  (1956,  p.  22,  fig.  1) 
had  a 1st  operculum  displaying  both  ‘internal  tubes’  (=  horns)  and  ‘lateral  lobes’ 

(=  spatulae).  The  latter  are  much  narrower  than  in  A.  mazonensis  and  A.  moyseyi,  and 
are  said  to  be  sutured  to  the  posterior  strip  of  the  laminate  part  of  the  operculum.  This  : ■= 
recent  discovery  of  the  two  organs  on  the  same  appendage  invalidates  my  hypothesis. 

(e)  The  2nd  operculum  (PI.  78,  fig.  4;  PI.  79,  figs.  2,  3;  text-figs.  10b,  e,  f).  This  organ  !; 
was  the  first  part  that  I isolated  (slide  BU  751/1).  I left  in  place  its  R.  ante-lateral  corner  |i 

(progress-photo,  PI.  78,  fig.  2),  which  can  still  be  seen  in  the  Marco  block.  On  it  is  the  ij 

R.  gill-spot.  The  rest  of  the  operculum  was  mounted  as  slides  BU  751/1,  /4.  |i 

During  development  the  distal  spikes  of  the  Zipfel,  together  with  a bit  of  the  dorsal  , [i 

skin  of  its  main  joint,  became  detached  from  the  rest  of  the  operculum.  I mounted  the  / 
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spikes  on  the  same  slide  as  the  main  part  of  the  operculum  (slide  BU  751/1 );  but,  think- 
ing that  the  other  bit  was  only  in  accidental  association,  I mounted  it  separately  as  slide 
BU  751/4.  Close  examination  has  made  it  clear  that  this  fragment  is  a piece  of  skin  that 
hts  exactly  over  the  ventral  skin  of  the  main  joint  in  slide  751/1  at  a point  where  its 
dorsal  skin  is  missing.  When  the  posterior  half  of  the  fragment  has  been  thus  positioned, 
its  anterior  half  overlies  the  rear  part  of  the  fan-shaped  median  process  of  the  operculum 
(PI.  79,  fig.  3).  In  constructing  this  figure,  photographs  made  to  the  same  scale  were 
used  to  reproduce  the  original  dorsal  aspect  of  the  ZipfeL  In  PI.  79,  fig.  2,  only  the 
posterior  ends  of  the  spikes  are  shown,  because  the  more  anterior  parts  lay  ventrad  to 
the  alae  and  were  concealed  by  them  in  dorsal  view. 

As  already  noted,  the  conspicuous  band  of  parallel  setae  (PI.  79,  figs.  2,  3,  ant  do,  op  3) 
visible  in  dorsal  view  near  the  posterior  margin  (omitted  from  the  text-figs.),  belonged 
to  the  anterior  doublure  of  the  3rd  operculum.  Its  position  shows  that  the  2nd  operculum 
did  not  greatly  overlap  the  3rd  (text-fig.  IOf). 

The  whole  operculum  is  a roughly  rectangular  strip  with  a forwardly  directed  median 
fan-shaped  process  that  is  covered  with  fine  hairs  ( PI.  78,  fig.  4),  and  a small  ante-lateral 
process  at  either  end  (text-fig.  IOe).  It  measures  without  the  Zipfel  about  6x26  mm. 
The  strip  is  divided  by  the  median  2nd  Zipfel  into  a pair  of  lobate  alae  which  merge  into 
one  another  without  any  suture  in  front  of  the  Zipfel  on  the  fan-shaped  process.  The 
whole  operculum  is  thus  closely  similar  in  structure  to  the  2nd  Blattfiiss  of  Eiwypterus 
(Holm  1898,  pi.  4,  fig.  21).  In  both  genera  the  operculum  was  attached  to  the  body  by  a 
suspension-hinge  (text-fig.  10c,  H2)  that  was  lined  in  front  by  the  anterior  doublure, 
which  was  deep  from  back  to  front  above  the  process  and  narrow  elsewhere.  This 
doublure  was  covered  by  the  band  of  setae  referred  to  above,  p.  496,  as  being  now  pressed 
against  the  dorsal  side  of  the  1st  operculum.  Thus  suspended,  the  alae  and  2nd  Zipfel 
hung  free  from  the  body,  and  formed  the  floor  of  the  2nd  gill-pouch.  The  tip  of  the 
Zipfel  projected  about  1 mm.  behind  the  lobate  hind  edges  of  the  alae,  which,  as  pre- 
served, meet  one  another  dorsad  to  its  two  terminal  spikes  (PI.  79,  fig.  2;  text-fig.  10b). 
This  is  the  position  in  the  flattened  fossil,  but  in  life  the  alae  may  have  cuxved  upwards 
along  the  sides  of  the  Zipfel,  and  the  latter  organ  may  have  been  capable  of  upward  and 
downward  movement  between  them.  Their  inner  edges  would  have  tended  to  box  in  the 
two  halves  of  the  2nd  gill-pouch.  The  ventral  side  of  the  2nd  Zipfel  lay  directly  above 
the  dorsal  side  of  the  1st  Zipfel,  which  concealed  it  from  ventral  view.  For  this  reason 
the  2nd  Zipfel  has  not  been  observed  previously  in  Anihraconecles  or  in  any  other 
eurypterid  except  E.  fisclieri.  The  two  Zipfeln  terminated  at  about  the  same  point 
(text-fig.  10c),  though  the  2nd  ended  a little  in  front  of  the  1st  when  the  body  was  in  the 
contracted  state  (text-fig.  IOf). 

By  analogy  with  Eiirypterus  the  posterior  side  of  the  suspension-hinge  would  have 
formed  the  anterior  pocket  of  the  gill-pouch,  but  the  only  part  of  the  inner  skin  of  the 
operculum  that  has  survived  is  the  dorsal  skin  of  the  Zipfel {?\.  79,  fig.  3 ; text-fig.  10b,  psk) 
and  parts  of  the  posterior  doublure  (pdo). 

The  alae  are  ornamented  by  close-set  small  scales,  some  transversely  elongate  and  some 
triangular  in  shape.  In  text-fig.  IOe  are  shown  the  two  strips  on  each  ala  covered  pre- 
dominantly by  one  or  other  of  the  two  types,  and  their  relation  to  the  unornamented 
areas  of  the  gill-spots.  The  latter  are  larger  than  those  on  the  1st  operculum.  There  is 
no  conspicuous  line  of  mucrones  between  the  strips,  such  as  is  found  in  Euryptenis',  but  it 
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will  be  seen  in  text-fig.  IOf  that,  as  in  Eurypterus,  the  anterior  strip  was  the  part  that 
was  overlapped  by  the  1st  operculum. 

Text-hg.  IOe  also  indicates  five  areas  of  thin  unornamented  skin  carrying  setae  of 
various  kinds,  which  are  often  preserved,  but  more  generally  are  evidenced  by  small 
holes  (hair-facets).  The  areas  are; 

(u)  The  median  fan-shaped  area  (psm)  in  front  of  the  Zipfel,  thickly  covered  with 
smallish  setae  (some  visible  in  PI.  79,  figs.  2,  3),  exactly  as  in  E.  fischeri  (Holm  1898, 
pi.  4,  fig.  21).  This  area  is  continued  into: 

(b)  A pair  of  anterior  strips  (p^/)  which  probably  joined  one  another  around  the  semi- 
circular edge  of  the  fan.  The  setae  on  strips  (b)  are  longer  and  more  flexuous  than  those 
on  (a),  and  probably  spread  on  to  the  anterior  doublure,  which  was  densely  covered  by 
a strip  of  parallel,  medium-sized  setae  (now  adherent  to  the  1st  operculum,  p.  496); 

(c)  A pair  of  narrow  strips  {psm)  on  the  internal-lateral  edge  of  each  ala.  Here,  in  the 
front  part,  the  setae  are  short  and  form  an  extension  of  the  close-set  hairs  on  (a).  (The 
setae  of  the  fan  also  spread  for  some  distance  in  amongst  the  scales  of  the  anterior  strip 
of  ornamented  skin,  whereas  elsewhere  that  skin  shows  no  hair-facets,  except  widely 
scattered  ones  that  are  unusual  in  that  each  is  sited  on  the  apex  of  a scale.)  On  the  hinder 
part  of  (c)  bordering  the  internal-lateral  expansion  of  the  alae,  where  they  almost  over- 
lap above  the  terminal  spikes  of  the  2nd  Zipfel,  there  are  numerous,  very  long,  posteriorly 
directed,  flexuous  hairs  on  both  the  external  and  internal  surfaces.  Those  in  the  external 
surface  would  have  remained  concealed  by  the  Zipfel,  had  not  that  organ  become 
detached  by  the  etch.  The  hairs  on  the  inner  (dorsal)  surface  are  indicated  in  text-fig. 
10b,  and  some  are  visible  in  PI.  79,  fig.  2,  though  most  of  them  are  too  slender  and  too 
mixed  with  the  band  of  setae  belonging  to  the  anterior  doublure  of  the  3rd  operculum  to 
be  recognized  clearly  in  the  photograph.  A few  stragglers  from  (c)  can  be  seen  on  the 
posterior  doublure  of  the  ala  (text-fig.  10b). 

The  Zipfel  (Z2)  consisted  of  a cylindrical  main  joint  that  passed  backwards  without 
any  break  or  suture  into  two  terminal,  acutely  conical  spikes  which  are  a little  longer 
than  the  main  joint.  They  show  no  openings.  On  no  part  of  the  Zipfel  is  there  any  orna- 
ment or  hairs,  except  two  or  three  very  tiny  setae  on  the  dorsal  side.  On  the  ventral  side 
the  front  of  the  main  joint  is  defined  by  the  change  from  the  very  hairy  skin  of  the  fan- 
shaped process  to  the  completely  hairless  skin  of  the  Zipfel.  The  line  dividing  the  two 
types  of  skin  runs  between  the  points  mi  in  text-figs.  10b,  e,  where  the  alae  become 
separate  from  the  Zipfel.  Attention  has  already  been  called  to  the  forward  extension  of 
the  dorsal  skin  in  front  of  the  line  nn,  which  extension  proves  that  the  Zipfel  and  the 
alae  passed  into  the  suspension-hinge  near  the  anterior  edge  of  the  whole  appendage, 
and  that  they  were  free  to  move  together  as  a single  flap  as  far  back  as  the  line  im,  beyond 
which  they  could  move  independently. 

The  relations  of  the  1st  and  2nd  opercula  to  one  another,  to  the  genital  apertures 
and  to  the  gill-pouches  are  illustrated  diagrammatically  in  text-figs.  10c,  f,  and  11,  and 
may  be  summarized  as  follows : 

(i)  The  front  of  the  2nd  operculum  lay  not  far  behind  the  point  at  which  the  1st  began 
to  hang  free  from  the  body.  They  were  separated  by  a water-space. 

(ii)  The  2nd  Zipfel  lay  above  the  broader  and  longer  1st  Zipfel,  but  the  two  organs 
ended  at  about  the  same  distance  behind  the  metastoma. 
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(iii)  The  long  hairs  on  the  dorsal  surface  of  the  main  joint  of  the  1st  Zipfel  were  in 
close  juxtaposition  to  the  short  setae  on  the  fan-shaped  process  of  the  2nd  operculum 
and  the  longer  setae  on  its  anterior  margin  and  anterior  doublure.  This  implies  that  the 
hairs  and  setae  were  on  the  lower  and  upper  walls,  respectively,  of  a water-space  which 
adjoined  the  most  probable  site  of  the  genital  apertures,  namely,  at  the  internal  base  of 
the  1st  Zipfel  (see  Holm  1898,  Wills  1964). 

(iv)  The  hairy  dorsal  surface  of  each  spatula  was  in  a position  where  it  could  help 
to  close  the  sides  of  that  water-space.  At  the  same  time  each  spatula  could  form  an 
internal-lateral  wall  to  the  1st  gill-pouch  that  lay  above  the  adjacent  ala  of  the  1st 
operculum. 

(v)  The  long  hairs  on  the  dorsal  surface  (doublure)  of  the  internal-lateral  edges  of 
the  lobes  of  the  alae  of  the  2nd  operculum,  and  the  lobes  themselves,  tended  to  form  a 
similar  wall  to  the  2nd  gill-pouch. 

(vi)  The  long  hairs  on  the  ventral  surface  of  the  internal-lateral  edges  of  the  alae  of 
the  2nd  operculum  lay  above  and  alongside  the  two  terminal  spikes  of  the  2nd  Zipfel, 
which  in  turn  lay  above  the  distal  joints  of  the  1st  Zipfel. 

(vii)  The  mutual  relationships  of  the  1st  to  the  2nd  Zipfel,  of  the  spatulae  to  the  1st 
Zipfel  and  to  the  1st  gill-pouch,  of  the  internal-lateral  lobes  of  the  alae  of  the  2nd  oper- 
culum to  the  2nd  Zipfel  and  to  the  2nd  gill-pouch,  and  of  the  hair-clad  parts  to  one  another 
and  to  the  Zipfeln  and  gill-pouches,  all  accord  with  the  view  that  the  two  Zipfeln  (like 
those  in  E.fisclieri,  as  described  by  me  (Wills  1964))  could  have  functioned  as  an  almost 
tubular  ovipositor  lined  with  hairs  in  its  proximal  parts.  This  composite  organ  was 
separated,  partly  by  hairs,  partly  by  the  spatulae  of  the  1st  operculum,  and  partly  by  the 
hair-clad  internal  lateral  lobes  of  the  alae  of  the  2nd  operculum,  from  the  adjacent  1st 
and  2nd  gill-pouches. 

If  the  above  interpretation  be  correct,  this  Type  A individual  was  a female.  The 
absence  of  horns  from  the  1st  operculum  (possibly  due  to  an  accident  of  preservation), 
constitutes  the  only  serious  difference  between  the  organization  of  the  genitally  modihed 
opercula  of  supposed  females  of  Antlnacouectes  and  Eurypterus. 

The  unmodihed  opercula  3-5  have  already  been  covered  by  the  general  description 
given  on  p.  496. 


2.  The  Geological  Survey  Specimens 

Among  the  half-dozen  or  so  specimens  collected  by  Moysey  from  the  Shipley  Clay 
Pit,  and  now  in  the  Geological  Survey  Museum,  are  three  (each  a part  and  counter- 
part) which  have  been  hgured  as  A.  moyseyi  by  H.  W'oodward  ( 1907)  and  Moore  (1936). 
These  authors  have  demonstrated  that  a close  comparison  of  the  organs  seen  in  the 
three  individuals  can  be  made  with  the  corresponding  parts  of  A.  mazonensis. 

A careful  examination  of  the  originals  and  of  rubber  casts  made  from  them,  confirms 
the  accuracy  of  previous  descriptions,  especially  that  of  Moore.  With  the  knowledge  of 
the  anatomy  gained  from  the  specimens  described  above,  one  can  recognize  traces  of 
the  2nd  Zipfel  in  GSM  30194  and  30249.  In  the  latter  a fairly  well-defined  gill-spot  is 
visible.  It  is  also  possible  to  see  the  extent  of  the  notch  between  the  spatula  and  ala  in 
both.  In  the  rubber  cast  of  30249  the  two  ‘triangular  pieces’  of  Moore  (1936,  p.  370)  are 
defined  by  lines  which  are  seen  to  be  the  inner  ends  of  the  alae  of  the  1st  operculum  that 
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have  become  separated  by  an  entombment  fracture  along  the  sutures  that  originally 
ran  between  their  inner  terminations  and  the  hastate  end  of  the  1st  Zipfel.  This  implies 
that  there  are  no  ‘triangular’  or  ‘pentagonal’  or  ‘deltoidal’  plates  in  this  specimen, 
which  is  thus  seen  to  resemble,  in  this  respect,  the  Birmingham  specimen  of  A.  moyseyi 
(BU  751)  and  the  holotype  of  A.  niazonensis,  as  here  interpreted  (pp.  482,  498). 

It  is  noteworthy  that  all  those  specimens  of  A.  moyseyi  in  which  the  genital  operculum 
has  been  seen  are  individuals  of  Type  A.  There  is  therefore  no  positive  evidence  that  the 
species  was  sexually  dimorphic. 


DETERMINATION  OF  SEX 

All  eurypterids  are  thought  to  have  been  sexually  dimorphic,  because  at  least  five 
genera  {Euiypterus,  Anthraconectes,  Hughmilleria,  Pterygotus,  and  Slimonia)  have  been 
proved  to  be  so.  In  each  of  these  the  most  obvious  sexual  adaptation  is  the  shape  of  the 
Zipfel  on  the  1st  operculum.  Forms  with  a long  narrow  Zipfel  have  been  termed  Type  A,  | 

those  with  a short  Zipfel  Type  B (Stormer  1934);  but  the  shapes  of  the  Zipfeln  vary  I 

greatly  from  one  genus  to  another,  and  with  the  age  of  the  animal  (Eurypterus,  Holm  | 
1898;  Slimonia,  Waterston  1960).  Other  sex-controlled  modifications  have  received  | 

little  attention.  I 

According  to  Holm  (1898),  Type  A was  the  female;  but  Stormer’s  view,  based  on  i 
studies  of  other  genera,  is  that  it  was  the  male.  Tentatively  advanced  in  1934,  this  ^ 

determination  of  the  sex  has  later  been  extended  by  him  to  all  eurypterids  (1935,  1949,  ' 

1955).  Much  confusion  has  consequently  arisen  in  papers  on  eurypterids  (including  \ 
Anthraconectes)  published  since  1934.  The  controversy  is  discussed  in  my  1964  | 

paper.  j 

Only  in  Eurypterus  fischeri  are  the  sexual  differences  known  from  dissections  of  nearly  ; 

complete  individuals  and  in  sufficient  detail  to  provide  reliable  anatomical  evidence  about  '! 

the  sex.  In  the  paper  cited  above,  I have  redescribed  the  sex-modifications  of  the  two 
Types,  using  hitherto  undescribed  preparations  made  by  Holm  and  others  made  by 
myself  of  specimens  of  E.  fischeri  from  the  original  locality  in  Oesel,  with  the  conclusion 
that  Holm’s  determination  of  Type  A as  the  female  is  correct.  In  reaching  this  assessment 
the  principal  features  relied  upon  are  as  follows:  I 

For  Type  A individuals,  the  greater  complexity  of  the  organization  of  the  1st  and  2nd  | 

opercula,  the  suitability  of  the  external  genital  organs  for  egg-laying,  and  the  absence  of  ! 

clasping  organs  from  any  prosomatic  appendage; 

For  Type  B individuals,  the  greater  simplicity  of  the  organization  of  the  1st  operculum 
and  its  suitability  for  semination,  the  want  of  modification  of  the  2nd  operculum  and  j 
the  presence  of  clasping  organs  which,  in  the  only  living  marine  chelicerate,  Linmlus,  are  ] 
a male  prerogative. 

In  the  following  discussion  it  is  recognized  that  A.  mazonensis  and  A.  moyseyi  agree 
so  closely  in  their  general  proportions  and  genital  modifications  (so  far  as  these  are  known)  | 
that  data  drawn  from  either  species  can  be  safely  used  in  defining  the  sexual  characteristics 
of  the  genus.  (This  postulate  is  logically  questionable  because,  so  far,  no  specimen  of  1 
Type  B of  moyseyi  has  been  found.)  'j 

The  importance  of  the  discoveries  resulting  from  the  etch-dissections  of  the  three  , i 
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examples  of  Anthraconectes  described  in  the  present  paper  lies  in  the  demonstration 
that  a second  genus  of  eurypterids  possessed  genital  modifications  in  its  Type  A indi- 
viduals that  are  remarkably  similar  to  the  better  documented  organs  in  Eurypterus  of 
Type  A : in  particular  the  existence  of  a 2nd  Zipfel  and  bilobation  on  the  2nd  operculum. 
The  general  layout  of  the  1st  and  2nd  operculum  (including  the  distribution  of  setae)  in 
Eurypterus  and  Anthraconectes  is,  in  fact,  so  similar  that  arguments  in  favour  of  the 
former  being  the  female  are  applicable  with  confidence  to  the  latter.  On  the  other  hand, 
no  horns  have  been  found  on  the  1st  operculum.  This  can  perhaps  be  explained  as  result- 
ing from  non-preservation  or  from  non-discovery  during  the  etching.  The  absence  of 
clasping  organs  from  Type  A individuals  is  also  less  well  authenticated  in  Anthraconectes 
than  it  is  in  E.  fischeri,  for  only  two  specimens  of  Type  A (MCZ  7163  and  BU  751 ) have 
been  etched  so  as  to  reveal  the  details  of  parts  of  the  prosomatic  appendages.  So  far  as 
can  be  seen,  no  clasping  organs  appear  to  be  present. 

For  Type  B of  Anthraconectes  our  information  is  less  exact,  for  no  individual  of  that 
Type  of  A.  moyseyi  has  so  far  been  found,  and  of  the  three  examples  of  A.  mazonensis — 
[a)  USNM  38866,  (6)  MCZ  7162,  (c)  CNHM  PE5094 — that  have  claims  to  be  regarded 
as  Type  B,  (a)  has  been  only  partially  developed  by  mechanical  means,  and  is  here  re- 
garded as  a young  individual  of  Type  A (p.  489);  (b)  has  been  etched,  but  its  opercula 
were  found  to  be  imperfectly  preserved  (p.  488);  and  (c)  in  its  undeveloped  state  exposes 
only  part  of  the  genital  region  (p.  489). 

In  the  genital  region: 

(i)  (b)  and  (c)  each  appears  to  exhibit  a short  1st  operculum  and  short  Zipfel.  The 
Zipfel  is  fairly  heavily  ornamented  with  scales;  it  passes  forward  into  the  laminate  part 
of  the  operculum  squarely  and  without  a hastate  anterior  end  and  defining  sutures; 
and  its  distal  end  is  emarginate — all  features  diflfering  from  their  counterparts  in 
Type  A.  However,  the  Zipfel  in  (6)  resembles  the  1st  Zipfel  in  Type  A in  the  number 
of  its  joints,  their  general  proportions,  and  in  the  band  of  mucrones  at  the  end  of  the 
2nd  joint. 

(ii)  The  2nd  operculum  is  missing  from  (6),  and  its  median  part  is  concealed  in  (c). 
In  this  way  we  are  deprived  of  important  evidence;  for,  by  analogy  with  Eurypterus,  the 
2nd  operculum  in  Type  B should  not  be  bilobed  nor  provided  with  a Zipfel. 

Apart  from  the  genital  region: 

(i)  (b)  shows  clasping  organs  on  the  3rd  leg  (A  iv).  This  is  definitely  a male  attribute, 
appropriate  to  Type  B. 

(ii)  Differences  in  the  relative  sizes  of  various  parts  of  the  animal  that  are  due  to 
sexual  dimorphism  depend  for  their  proof  on  accurate  measurements  which  are  difficult 
to  make  and  to  interpret,  because  the  specimens  vary  so  much  in  size,  amount  of  com- 
pression, and  state  of  preservation.  After  various  attempts  I can  find  no  reliable  data  in 
the  few  examples  in  which  the  sex  is  known,  apart  from  the  following  (which  are  given, 
for  what  they  are  worth,  as  confirmation  that  (a)  is  a young  individual  of  Type  A,  and 
{b)  and  (c)  older  specimens  of  Type  B) : 

1 . The  percentage  ratio  of  the  length  of  the  free  hanging  part  of  the  Zipfel  to  the  length 
of  the  carapace  is:  {a)  c.  32,  (6)  21,  (c)  ?33;  whereas  in  undoubted  Type  A examples  of 
A.  mazonensis  the  ratio  is  94  in  the  holotype  and  ?56  in  MCZ  7163,  and  in  undoubted 
Type  A of  A.  moyseyi  it  ranges  from  73  to  ?65. 
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2.  The  percentage  ratio  of  the  length  of  the  metastoma  to  the  length  of  the  carapace. 


Type  A (in  A.  mazonensis) 

Type  B (in  A.  mazonensis) 

la)  USNM  38866 

. 56 

ib)  MCZ  7162  .... 

Holotype,  UI  X345 

55 

(c)  CNHM  PE5094 

AMNH  8538  .... 

. 55 

MCZ  7163 

. c.  52 

Type  A (in  A.  moyseyi) 

BU  751 

53 

GSM  30249/50  .... 

. 50 

GSM  30192/3  .... 

. c.  52 

GSM  30194/5  .... 

. 750 -k 

It  is  likely  that  the  males  were  smaller  and  narrower  than  the  females,  but  this  cannot 
be  proved  since  reliable  measurements  are  unobtainable. 
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STARFISH  TRACES  FROM  THE  NAMURIAN  OF 
COUNTY  CLARE,  IRELAND 

by  GILLIAN  C.  LEWARNE 


Abstract.  Star-shaped  trace  fossils  are  described  from  the  Namurian  Ri  zone  of  the  Loop  Head  area.  West 
Clare.  Their  origin  and  affinities  are  discussed.  They  are  compared  with  Asteriacites  lumbricalis  Schl.,  a Lias 
fossil,  and  interpreted  as  Ophiuroid  resting-traces.  They  are  considered  to  contribute  to  the  interpretation  of 
the  environment  of  deposition  of  the  rock  sequence  in  which  they  occur. 

The  star-shaped  trace  fossils  which  form  the  subject  of  this  paper  were  collected  from 
Namurian  sandstones  exposed  on  the  northern  shore  of  the  Shannon  Estuary  at 
Doonaha  House,  half  a mile  south-south-west  of  the  village  of  Doonaha  near  Carriga- 
holt,  Loop  Head  peninsula,  Co.  Clare.  At  this  locality,  the  succession  consists  of 
a considerable  thickness  of  unfossiliferous  micaceous  sandstones,  siltstones,  and  silty 
shales.  The  trace  fossils  were  scattered  over  one  particular  bedding-plane  forming 
a ‘starfish  bed’.  The  nearest  black  shale  band  with  a goniatite  fauna  underlies  the  barren 
series  at  Kilcredaun  Point,  some  three  miles  to  the  west  along  the  strike.  Here  the 
fossiliferous  beds  contain  Reticuloceras  paucicrenulatum  Bisat  and  Hudson,  R.  drciiin- 
plicatile  (Foord),  and  related  reticuloceratids,  indicating  a Kinderscoutian  (Rj)  age  for 
the  succeeding  strata.  The  actual  thickness  of  barren  beds  between  the  ‘starfish  bed’  and 
the  proven  shales  is  almost  impossible  to  estimate  accurately,  due  to  extensive 
penecontemporaneous  slumping  of  the  strata,  but  it  is  of  the  order  of  1,500  feet.  The 
stratigraphy  of  the  Loop  Head  area  will  be  described  in  a later  paper. 

The  sandstone  sequence  at  Doonaha  forms,  therefore,  the  homotaxial  equivalent  of 
part  of  the  Clare  Shales  succession  of  the  east  crop  of  the  Clare-Limerick  Namurian 
Basin  (Hodson  and  Lewarne  1961).  The  trace  fossils  have  been  found,  as  yet,  in  the 
one  locality  only.  They  are  interesting  as  facies  indicators  of  a series  of  strata  in  which 
no  other  organic  remains  have  been  found. 

DESCRIPTION 

The  slab  of  rock  from  the  starfish  bed  on  which  the  illustrations  were  based  represents 
the  lower  surface  of  a flag  of  micaceous  siltstone  reflecting  in  relief  the  negative  features 
of  the  top  surface  of  the  bed  below  (text-fig.  1 ).  There  are  two  main  kinds  of  impression : 
(a)  striation  groove-casts  orientated  in  a predominantly  NW/SE  direction,  and  (b) 
randomly  scattered  star-shaped  casts  similar  to  the  ‘Sternspuren’  of  Seilacher  (1953). 
There  are  also  various  irregularities  and  scattered  ‘dots’  representing  the  pitted  surface 
of  the  original  substratum. 

The  star-traces  are  surface  features  only,  as  can  be  ascertained  from  an  examination 
of  the  underlying  bed  of  rock  on  which  they  were  formed  as  depressions.  They  are 
consistently  five-armed,  the  arms  being  about  5 mm.  long  and  radiating  out  from  a 
central  ‘hub’  which  appears  as  a slight  elevation  on  the  cast  (text-fig.  2a,  h).  Occasionally 
there  is  duplication  of  one  of  the  arms  (text-fig.  2c),  or  it  may  appear  forked  (text-fig.  2d). 


[Palaeontology,  Vol.  7,  Part  3,  1964,  pp.  508-13.] 
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Sometimes  two  or  more  impressions  cut  across  each  other  with  some  lateral  displacement. 
Assuming  that  the  traces  were  made  by  animals,  the  superimposed  impressions  could 
have  been  produced  by  two  separate  individuals  or  by  the  same  individual  at  different 


N 


TEXT-FIG.  1.  Starfish  traces  from  the  Namurian  of  Doonaha,  Co.  Clare.  Underside  of  cracked  slab 
of  sandstone  in  the  collection  of  the  Geology  Department,  Trinity  College,  Dublin,  specimens  TCD 

3599  and  TCD  3600.  xf. 

times.  Sometimes  the  star  shapes  of  superimposed  traces  can  hardly  be  distinguished, 
and  they  form  an  irregularly  shaped  cast  (text-fig.  2/).  This  would  represent  a corre- 
sponding ‘flurry’  depression  on  the  original  sea-floor  made  by  settling  movements  of 
the  animal,  or  possibly  by  its  agitation  due  to  a disturbing  influence. 

The  star-traces  have  no  ornament  except  for  occasional  cross-striation  of  the  arms 
(text-fig.  lb).  Except  for  the  superimposition  described  above,  there  is  no  regular 
pattern  or  relationship  between  the  individual  star-traces  which  are  randomly  scattered 
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across  the  bedding  plane  of  the  rock.  They  are,  therefore,  traces  of  an  agency  which 
settled  at  intervals  upon  the  substratum,  and  not  of  a walking  or  crawling  animal. 

The  star-traces  obliterate  the  striation-casts  and  sometimes  terminate  them  (text-fig. 
2e,f).  They  must,  therefore,  have  been  produced  by  some  agent  capable  of  (a)  superseding 
the  striation-casts  and  (b)  acting  as  a barrier  to  the  continuing  formation  of  the  striations. 

An  obvious  agent  would  be  the  body  of  some  animal  which  rested  intermittently  on 
the  substratum,  burying  itself  slightly  as  it  did  so,  and  thus  interrupting  the  sedimen-  ,, 
tation  pattern  already  established  by  currents  sweeping  the  sea-floor.  { 

DISCUSSION 

Star-shaped  trace  fossils  have  been  described  from  many  horizons  and  localities,  and 
have  been  attributed  to  the  activity  of  several  groups  of  animals. 

Certain  sand-crabs  and  other  crustaceans  burrow  into  the  sand  as  a protective 
measure,  or  during  the  intertidal  period  (Green  1961,  chap.  2).  Some  tropical  crabs 
while  searching  for  food  make  scoop-marks  in  the  sand  surrounding  the  entrance  to  | 
their  burrows,  which  they  form  into  piles  of  small  balls.  The  furrows  often  form  an  * 
irregular  star-shaped  pattern  (Abel  1935,  p.  388  and  figs.  322-3;  Lessertisseur  1955, 
p.  30).  The  amphipod  Corophiwn,  a mud-grazer  found  in  temperate  climatic  regions  ( 
(Yonge  1949,  p.  30)  also  makes  star-shaped  feeding-traces  (Abel  1935,  p.  389,  fig.  325). 
Certain  authors  such  as  Abel  (1935,  p.  390)  claim  that  crustacean  star-traces  can  be 
distinguished  from  those  made  by  burrowing  worms  by  several  characteristics.  Crusta- 
cean traces  are  said  to  have  furrows  of  equal  length  radiating  out  from  a central  knob; 
sometimes  a wall  of  debris  is  produced  near  the  trace.  Traces  made  by  burrowing  worms 
are  distinguished  by  the  absence  of  a central  knob  and  by  their  ramifying  furrows  of 
unequal  length.  These  criteria  ought,  however,  as  pointed  out  by  Lessertisseur  (1955, 
p.  53)  to  be  used  with  discretion  as  they  do  not  seem  to  be  universally  applicable.  Indeed, 
Abel  figures  crab  traces  (1935,  fig.  324)  with  furrows  of  unequal  length,  and  Corophiwn 
traces  (op.  cit.  fig.  325)  with  branched  furrows. 

The  star-traces  produced  by  burrowing  worms  are  caused  by  the  sweeping  movements 
of  the  animal’s  tentacles  around  the  aperture  of  its  burrow  (Lessertisseur  1955,  p.  53). 
Certain  burrowing  lamellibranchs  such  as  Scrobicularia  (ibid.,  p.  27,  fig.  \3a,  b)  and 
Mactra  (ibid.,  pi.  ii,  fig.  11)  also  produce  irregular  star-shaped  furrows  round  the 
entrance  to  the  respiratory  channels  of  their  burrows. 

None  of  these  traces,  however,  resemble  those  from  Doonaha,  which  are,  except  in 
readily  explained  instances,  regularly  five-branched,  the  branches  radiating  from 
a central  ‘hub’.  This  pentameral  symmetry  strongly  indicates  an  Echinoderm  origin, 
and  the  form  of  the  traces  suggests  that  they  are  the  resting  places  of  a Stelleroid,  either 
an  Asteroid  or  an  Ophiuroid.  Observation  of  shore-dwelling  Stelleroids,  e.g.  Astropecten  , 
irregularis  (Yonge  1949,  p.  237)  and  experimental  evidence  (Seilacher  1953a,  Abb.  1, 

Taf.  7 and  1 1 ) show  that  certain  members  of  this  group  tend  to  bury  themselves  shallowly  ; 
when  at  rest.  The  absence  of  any  disturbance  of  the  sedimentation  immediately  under- 
neath the  negative  star-traces  on  the  upper  surface  of  the  underlying  bed  of  the  Doonaha  ; 
specimens  precludes  any  more  deeply  burrowing  animal  such  as  a lamellibranch,  worm,  j 
or  shore-crab,  a conclusion  which  is  substantiated  by  the  absence  of  any  sign  of  an  ] 
included  fauna. 
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Traces  attributed  to  Stelleroids  have  been  reported  from  various  horizons.  A resume 
of  these  references  and  a detailed  interpretation  of  the  mode  of  formation  of  these 
traces  have  been  published  by  Seilacher  (1953u).  Seilacher  showed  how  Ophiuroids  can 
produce  star-shaped  resting-traces  with  broad  Asteroid-like  arms  (op.  cit.,  p.  98  and 
Abb.  2;  \a,  b,  2a,  b)  which  may  appear  forked  due  to  movement  of  the  animal  (ibid., 
3a,  b).  He  also  showed  that  superimposed  impressions  can  be  produced  by  successive 


TEXT-FIG.  2.  Starfish  traces  from  the  Namurian  of  Doonaha,  Co.  Clare. 
Individual  specimens  from  the  slab  illustrated  in  Text-fig.  1.  Note  in 
(o)  form  of  star-trace,  (b)  cross-striations,  (c)  bifurcation,  and  (d)  forking 
due  to  movement  of  one  arm,  (e)  and  (/)  inter-relationship  of  star-traces 
and  striation  casts,  and  (/)  effect  of  movement  and  re-settling.  All 

figures  X 1 . 


settling  of  the  animal  into  nearly  the  same  place  (op.  cit.,  Taf.  8,  fig.  2,  and  p.  100, 
Abb.  3). 

As  one  of  several  examples  of  fossil  Ophiuroid  resting-traces,  Seilacher  figured  (op. 
cit.,  Taf.  7,  fig.  2)  a small  sculptureless  variety  of  star-trace  from  the  Liassic  Schlotheimia 
angulata  sandstone  of  Huttlingen  near  Aalen.  These  were  originally  described  by  Quen- 
stedt  as  impressions  similar  to  starfish  and  serpent-stars  (Seilacher  1953a,  p.  95).  Each 
star-trace  is  about  10-12  mm.  in  diameter.  They  are  almost  identical  with  the  Carboni- 
ferous trace  fossils  from  Doonaha,  the  latter  having  slightly  more  slender  arms  (text- 
fig.  1).  On  the  slab  figured  by  Seilacher  one  can  see  examples  of  superimposition  of 
two  traces  made  by  the  same  animal,  as  well  as  duplication  or  forking  of  individual 
arm  impressions,  interpreted  as  movement  and  resettling.  These  features  have  also  been 
seen  in  the  Doonaha  specimens  (text-fig.  2c,  d,f). 

Seilacher  referred  the  Huttlingen  specimens  to  Asleriacites  hunbricalis  Schlotheim. 
He  redefined  the  genus  and  species  as  follows  (1953a,  p.  101): 

Asleriacites:  Normalerweise  5strahliger  Stern. 

A.  lumbricalis  Schl.:  Relativ  klein  und  schlank,  besonders  in  groBen  Exemplaren. 

Since  the  Doonaha  traces  correspond  to  this  definition  they  must  have  been  produced 
by  animals  of  the  same  size  and  form  as  those  which  produced  the  Lias  star-traces 

L 1 
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figured  by  Seilacher.  These  animals  might  have  been  Asteroids  but  following  Seilacher’s 
experimental  evidence  the  greater  possibility  seems  to  be  that  they  were  Ophiuroids.  It 
is  suggested  that  some  of  the  ‘dot-marks’  corresponding  to  pits  on  the  substratum  might 
be  traces  left  by  the  arm-tips  of  the  animals  as  they  moved  freely  about. 

Carboniferous  asteriaform  fossils  were  described  from  the  Francis  Formation 
(Pennsylvanian)  of  Oklahoma  by  Jones  (1935).  The  fossils  occurred  in  a thin  sandstone 
with  a varied  marine  fauna  (op.  cit.,  p.  247).  In  size  and  shape  they  correspond  closely 
with  the  Doonaha  star-traces  (op.  cit.,  fig.  1).  Jones  interpreted  the  traces  as  young 
starfish,  with  the  reservation  that  they  might  be  plant  remains. 

This  occurrence  of  Ophiuroid  resting-traces  in  the  Upper  Carboniferous  of  Co.  Clare 
is  of  some  interest,  as  they  were  found  in  the  midst  of  an  otherwise  barren  sequence  of 
fine-grained  unsorted  micaceous  sandstones  and  siltstones.  The  absence  of  a shelly  fauna 
rules  out  the  littoral  zone  as  an  environment  of  sedimentation,  though  the  occurrence 
of  oscillation  ripple  marks  in  certain  beds  shows  that  some  at  least  of  the  sandstones 
were  laid  down  above  wave-base.  The  presence  of  the  striation-casts  shows  that  the 
sea-floor  was  swept  by  gentle  currents.  The  NW-SE  orientation  of  the  casts  is  remarkably 
constant  and  may  well  be  connected  with  the  predominantly  east-westerly  orientation 
of  ripple  marks  in  lower  horizons. 

The  fact  that  the  striation-casts  are  in  several  cases  obliterated  by  the  star-traces 
seems  to  indicate  that  the  animals  producing  the  latter  settled  themselves  well  into  the 
bottom  sediment  each  time  they  came  to  rest.  This  corresponds  to  Seilacher’s  observa- 
tions on  the  behaviour  of  living  Ophiuroids  (1953o,  p.  94,  Abb.  \b).  In  some  cases  the 
striation-casts  approach  the  star-traces  from  the  north-west  and  terminate  against 
them;  this  suggests  that  the  animals  were  already  in  position  when  currents  bringing 
sediment  from  the  north-west  caused  striation-grooves  to  be  formed.  This  would  conflrm  at 
the  interpretation  of  the  star-traces  as  depressions  made  by  a resting  Stelleroid  whose  i ' 
body  would  make  a barrier  to  the  formation  of  grooves  rather  than  as  empty  scoop-marks  ■ 

such  as  could  have  been  made  by  other  groups  of  animals.  The  regular  pentameral  || 
shape  and  evidence  of  movement  would  make  the  formation  of  the  hollows  by  an  algal  ^ 
colony  or  holdfast  seem  extremely  unlikely.  . ij 

It  is  known  that  while  Ophiuroids  are  not  uncommon  in  the  shallowest  water  of  the  ^ ■ 

littoral  zone,  they  are  most  numerous  in  a considerable  depth  of  water  and  even  beyond  jl 

the  shelf  zone.  An  underwater  photograph  of  the  Atlantic  continental  slope  south  of  - j' 
Cape  Cod,  Mass.,  U.S.A.,  at  a depth  of  6,000  feet  is  reproduced  by  Seilacher  (19536,  ;i 
Taf.  7,  Bild  7)  and  by  Leet  and  Judson  (1958,  flgs.  14-12).  This  photograph  shows  j 
several  brittle-stars  on  the  sea-floor.  However  the  presence  of  blunt-crested  oscillation  ..j 
ripple-marks  in  strata  above  and  below  the  bed  containing  the  Doonaha  starfish  traces  /■!' 
indicates  that  they  were  laid  down  in  the  shallower  water  of  the  continental  shelf.  Jones  | 

(1935,  p.  428)  recorded  that  the  Oklahoma  Pennsylvanian  star-traces  were  associated  | j 

with  worm  burrows  and  wave  ripple-marks  and  concluded  that  the  sediment  was  | ; 
deposited  in  shallow  water.  The  Lias  sandstone  slab  figured  by  Seilacher  (1953a,  Taf.  7,  [ ij 

fig.  2)  also  appears  to  be  ripple-marked.  [ ' 

The  Doonaha  Starfish  Bed  occurs  in  the  undisturbed  strata  succeeding  a succession  j | 
of  sheet  slumps  similar  to  those  described  from  other  parts  of  West  Clare  by  Gill  (Gill  ' 
and  Kuenen  1957).  Sand  volcanoes  are  sometimes  associated  with  the  slumps,  as  at  the  | 
shore  near  Liscrona  House.  These  slumped  sandstones  with  their  superimposed  sand  f ■ 
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volcanoes  would  be  interpreted  by  Gill  and  Kuenen  as  being  due  to  subaqueous  sliding 
down  an  original  slope,  initiated  by  seismic  shaking,  and  with  subsequent  extrusion  of 
included  water  from  the  slumped  sediment  (op.  cit.,  p.  455). 

The  sum  total  of  these  characteristics  of  the  sediment-slumps,  sand  volcanoes,  ripple 
marks,  and  starhsh  traces — indicates  that  the  rock  sequence  in  question  was  laid  down 
in  a shelf  environment  with  an  initial  depositional  slope,  and  in  a moderate  depth  of 
water  which  never  greatly  exceeded  wave-base.  The  last  phase  of  deeper  water  with  euxinic 
bottom  conditions  extant  is  now  represented  by  the  goniatitic  shales  of  Kilcredaun 
with  their  pelagic  fauna. 
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TWO  SPECIES  OF  DELEPINEA  FROM 
NEW  SOUTH  WALES 

by  K.  S.  W.  CAMPBELL  and  J.  ROBERTS 


Abstract.  The  Visean  species  Chonetes  aspinosa  Dun  is  re-described  and  is  shown  to  be  a typical  representative 
of  the  genus  Delepinea  Muir-Wood.  A row  of  cardinal  spines  is  present  and  it  is  argued  that  such  spines  were 
normally  present  on  all  species  of  the  genus.  Details  of  the  internal  structure  of  both  valves  are  given.  A new 
species,  D.  gloiicesterensis,  is  described  from  rocks  of  Middle-Upper  Visean  age. 

In  1902,  Dun  described  ten  large  chonetoid  specimens  from  various  localities  in  New 
South  Wales  as  a new  species  Chonetes  aspinosa.  Because  he  was  unable  to  observe 
a second  pair  of  adductor  scars  in  the  pedicle  valve,  and  because  the  shell  substance  was 
not  as  thick  as  that  of  Daviesiella  llangollensis  or  Daviesiella  (now  Delepinea)  comoides, 
he  explicitly  excluded  the  species  from  Daviesiella.  He  did  not  observe  the  spine  tubules 
in  the  cardinal  area  of  the  pedicle  valve,  and  seems  to  have  relied  on  general  form  and 
ornament  for  his  generic  identification.  No  suggestions  were  offered  as  to  the  significance 
of  the  species  for  overseas  correlation.  The  next  worker  to  record  C.  aspinosa  was 
Benson  (1921)  who  listed  it  in  his  Census  and  Index  of  Biirindi  Fossils,  and  added  two 
more  localities  in  northern  New  South  Wales  from  which  the  species  had  been  identified. 
There  was  no  further  record  until  Voisey  (1940)  noted  an  occurrence  in  strata  mapped 
as  Lower  Burindi  Series  south  of  Barrington  at  the  northern  end  of  the  Gloucester 
Syncline. 

During  the  last  five  years  or  so  large  chonetoids  have  come  to  our  notice  from  most 
areas  of  outcrop  of  Carboniferous  rocks  in  the  State.  In  some  sections  they  are  known 
to  occur  only  once,  and  then  through  only  a few  feet  of  sediment.  Elsewhere  they  are 
found  on  several  horizons  through  over  a hundred  feet,  and  recently  this  figure  has  been 
increased  to  3,000+  feet.  In  Queensland,  too,  similar  species  have  been  found  at  several 
widely  separated  localities  in  the  Yarrol  Basin,  and  are  thought  to  range  through  much 
of  the  Visean  (Driscoll  1960;  Maxwell  1961).  One  new  species,  Daviesiella  cannindahensis 
Maxwell,  has  been  described  from  the  late  Visean  limestones  at  Cannindah.  Other 
specimens  are  referred  to  Daviesiella  cf.  aspinosa  (Dun). 

It  is  now  clear  that  the  New  South  Wales  species,  and  almost  certainly  the  Queensland 
ones  also,  are  members  of  the  genus  Delepinea  Muir-Wood.  This  matter  is  discussed 
below.  There  seems  to  be  no  record  of  an  authentic  Daviesiella  anywhere  in  eastern 
Australia. 

Since  the  species  of  Delepinea  (and  the  related  genus  Daviesiella)  have  been  proved  to 
be  of  great  value  in  stratigraphic  zoning  in  Europe,  we  considered  that  a detailed 
systematic  study  of  our  material  might  provide  useful  data  for  our  stratigraphic  work. 
The  localities  from  which  the  syntypes  of  D.  aspinosa  were  obtained  have  been  re-visited, 
with  the  exception  of  the  one  near  Stroud  which  we  have  been  unable  to  locate.  Collec- 
tions have  been  assembled  from  several  localities  in  the  area  north-west  of  Dungog, 
Wiragulla  near  Wallarobba,  Torryburn,  Barrington,  Rouehel  Brook,  and  Rocky  Creek 

(Palaeontology,  Vol.  7,  Part  3,  1964,  pp.  514-24,  pis.  80-82.) 
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to  the  west  of  Barraba.  The  specimens  from  most  localities  are  poorly  preserved,  and 
it  is  not  possible  to  prepare  enough  interiors  for  the  description  of  the  variation  of  the 
critical  internal  characters.  However,  large  collections 
of  excellent  material  have  been  made  at  Rouchel 
Brook,  Wiragulla,  and  Barrington,  where  preservation 
is  in  a matrix  which  is  not  soluble  in  weak  acids,  so 
that  fine  internal  moulds  can  be  prepared. 

NOTES  ON  SOME  MORPHOLOGICAL 
FEATURES 

Cardinal  spines  and  spine  tubules.  One  of  our  specimens 
of  D.  aspinosa  shows  a row  of  cardinal  spines  on  each 
side  of  the  umbo.  Though  suggestions  of  spines  have 
been  noted  by  some  authors  (Simpson  1953,  pp.  197- 
8),  this  is  the  only  definite  record  of  spines  known  to 
us,  apart  from  that  of  Muir-Wood  (1962,  p.  104)  for 
a single  specimen  of  D.  comoides,  and  it  renders 
Dun’s  choice  of  a specific  name  singularly  unfortunate. 

The  spines  observed  in  D.  aspinosa  are  very  delicate 
relative  to  the  robust  form  of  the  shell  as  a whole, 
being  not  much  larger  than  those  of  species  of  Clioneles 
s.s.  There  is  little  doubt  that  they  have  been  removed 
from  most  specimens  by  abrasion,  and  the  question 
now  arises  as  to  whether  this  is  the  explanation  of 
their  absence  in  other  species.  The  presence  of 
tubules  through  which  the  outer  epithelium  of  the 
mantle  could  pass  can  be  explained  in  three  ways. 

(a)  They  were  in  process  of  atrophy  since  spines 
were  no  longer  being  developed,  {h)  They  had  become 
adapted  to  serve  some  secondary  function,  (c)  They 
provided  a passage  for  the  outer  epithelium  which 
deposited  cardinal  spines  functioning  in  much  the  text-fig.  l.  Locality  map  showing 
same  manner  as  those  of  Chonetes  and  related  genera,  occurrences  of  Delepinea  in  eastern 
These  will  now  be  discussed  in  order.  Australia. 

(a)  The  function  of  spines  in  Chonetes  is  not  clearly  understood,  but  they  most 
probably  were  stabilizing  and/or  supporting  structures.  It  is  clear  that  Delepinea  must 
have  evolved  from  some  smaller  early  Carboniferous  chonetid,  probably  Megachonetes,. 
and  it  is  possible  that  the  spines  would  atrophy  as  the  shells  became  larger  and  were 
stabilized  by  their  own  weight.  This  presumably  is  what  has  happened  in  the  genus. 
Daviesiella,  in  species  of  which  neither  external  spines  nor  spine  tubules  are  present. 
If  loss  of  spines  occurred  in  Delepinea  and  the  tubules  were  not  adapted  to  serve  some 
other  function,  they  too  would  be  reduced  during  the  history  of  the  genus.  There  is  an 
example  of  this  phenomenon  in  the  species  Anoplia  nucleata  (Hall)  (see  Muir-Wood 
1962,  pp.  53-55)  and  related  forms  which  are  thought  to  have  developed  from  normal 
chonetids  by  complete  spine  reduction,  but  which  have  no  normal  chonetid  tubules. 
Instead,  on  each  side  of  the  umbo  there  are  one  or  more  pairs  of  highly  inclined  tubules. 
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which  apparently  did  not  penetrate  the  outer  surface  of  the  shell.  No  such  feature  is 
found  in  Delepinea,  in  which  the  only  modification  observed  is  the  opening  of  the 
tubules  through  the  cardinal  area  rather  than  along  the  cardinal  ridge  (PI.  80,  fig.  9). 
This  has  been  noted  on  only  one  individual  out  of  some  fifty  examined,  and  it  could 
be  pathological.  Considering  the  matter  from  another  point  of  view,  if  increasing  size 
were  causing  the  reduction  and  atrophy  of  the  spines  it  might  be  expected  that  though 
the  juveniles  would  be  supported  by  spines,  the  massive  adults  would  not  be.  In  these 
circumstances,  tubules  would  be  present  near  the  umbo,  but  not  at  the  extremities  of 
the  hinge.  In  fact,  they  are  invariably  present  along  the  whole  hinge,  and  become 
progressively  greater  in  diameter  toward  the  extremities.  Thus  there  appears  to  be  no 
evidence  that  the  tubules  are  vestigial. 

(b)  George  (1930,  p.  555)  has  suggested  diat  the  tubules  functioned  as  sockets  to 
receive  denticles  situated  along  the  hinge  of  the  brachial  valve.  It  is  not  clear  how 
a tubule  containing  an  invagination  of  epithelium  could  function  as  a socket,  or  why 
it  should  be  necessary  for  such  sockets  to  remain  open  to  the  exterior  throughout  life. 
No  figures  of  denticles  along  the  hinge  of  the  brachial  valve  have  been  published  for 
any  species,  and  none  of  our  specimens  shows  these  structures  though  careful  search 
has  been  made  for  them.  The  explanation  seems  to  be  quite  untenable.  The  tentative 
suggestion  that  ‘extensions  of  the  mantle  passing  through  the  hollow  tubules  of  the 
ventral  interarea  formed  anchoring  strands  of  non-calcareous  tissue’  has  been  advanced 
by  Simpson  (1953,  p.  199),  but  such  a modification  of  the  mantle  seems  most  unlikely. 
It  should  be  noted,  however,  that  with  problems  of  this  type  the  possibility  of  the 
acquisition  of  completely  new  secondary  functions  cannot  be  excluded,  though  it  might 
be  possible  to  show  that  the  postulation  of  such  is  unnecessary.  This  possibility  is 
discussed  in  the  next  section. 

(c)  There  is  no  doubt  that  the  living  position  of  the  shells  would  change  as  the  mass 
of  the  shell  increased,  and  there  would  be  an  accompanying  change  in  the  method  of 
support.  It  is  possible,  for  example,  that  the  spines  could  change  from  being  a stabilizing 
fan  to  a series  of  braces  helping  to  hold  the  shell  in  a certain  position  in  or  on  the  sub- 
stratum. Since  it  is  known  that  at  least  two  species  of  Delepinea  carried  spines  which 
could  have  functioned  in  some  such  way  as  this,  since  the  spines  are  only  rarely  preserved 
in  these  species,  and  since  the  tubules  of  these  species  are  of  the  same  type  and  arrange- 
ment as  in  other  species,  it  is  probable  that  spines  were  present  in  all  species.  It  is  un- 
necessary to  postulate  an  entirely  new  secondary  function  for  the  tubules. 

The  muscle  scars.  Our  specimens  confirm  the  interpretation  of  the  adductor  muscle 
scars  in  the  pedicle  valve  given  by  Muir-Wood  (1962).  The  pair  of  accessory  scars  is 
invariably  hard  up  against  the  main  adductors  and  is  usually  difficult  to  differentiate 
from  them.  In  most  specimens  the  junction  can  be  distinguished  only  by  the  abrupt 
change  in  direction  of  the  fine  surface  ridges.  There  is  no  suggestion  that  they  were 
developed  from  the  diductors.  It  is  clear,  however,  that  the  diductor  scars  do  develop 
small  sub-differentiated  segments  in  front  of  the  accessory  adductors.  These  are 
triangular  in  shape  and  their  surfaces  are  marked  by  ridges  set  at  a slight  angle  to  those 
of  the  main  scars. 

As  is  usual  for  species  of  the  genus,  our  species  have  two  pairs  of  adductor  scars  in 
the  brachial  valve,  a large  sub-triangular  postero-lateral  pair  and  a smaller  elliptical 
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antero-central  pair.  Muir-Wood  (1962,  p.  99)  describes  the  genus  as  having  two  pairs 
of  adductor  scars  in  the  brachial  valve,  but  considers  (p.  16)  that  D.  car  inala  has  accessory 
adductors  in  addition.  These,  however,  are  not  shown  on  her  text-fig.  20a  (which  in 
fact  shows  only  one  pair  of  scars),  and  cannot  be  distinguished  clearly  on  her  pi.  14, 
fig.  5b.  None  of  our  material  shows  any  sign  of  such  structures. 

Cardinal  process  and  chilidium.  The  same  basic  pattern  is  present  in  the  cardinal  pro- 
cesses of  all  species  described  to  date,  viz.  a broadly  bilobate  anterior  face  and 
a quadrilobate  posterior  face.  The  published  figures  show  that  the  shapes  and  relative 
sizes  of  the  lobes  on  the  posterior  face,  and  the  shape  of  the  anterior  face  vary  con- 
siderably from  species  to  species.  More  attention  should  be  directed  to  these  features 
in  systematic  studies. 

Due  to  its  exposed  position,  the  chilidium  is  very  vulnerable  to  abrasion,  and  this 
sometimes  creates  the  false  impression  that  it  is  absent  or  deeply  notched.  In  well 
preserved  specimens  it  always  seems  to  be  entire.  It  is  fused  on  either  side  to  the  ridges 
marking  the  lateral  boundaries  of  the  cardinal  process. 

Brachial  ridges.  These  have  not  been  observed  previously  in  members  of  the  genus. 
Among  the  specimens  of  D.  aspinosa  from  Wiragulla  are  several  which  show  weak 
ridges,  and  one  (PI.  81,  fig.  9)  in  which  they  are  superbly  developed.  The  brachial 
platform  is  slightly  raised  and  is  smoother  than  the  surrounding  areas.  In  comparison 
with  those  of  other  chonetids,  these  platforms  are  relatively  small.  The  ridges  themselves 
are  not  continuous  around  the  antero-lateral  part  of  the  scar.  Their  anterior  ends  are 
hooked  in  towards  the  median  septum  in  the  manner  described  by  Muir-Wood  (1962, 
p.  98  and  fig.  196)  for  Daviesiella  UangoUensis  (Davidson).  These  structures  in  the  latter 
species  therefore  would  probably  be  best  interpreted  as  the  terminations  of  much  larger 
ridges  which  have  not  been  preserved. 

STRATIGRAPHY 

The  stratigraphy  of  the  Rouchel  basin  is  very  incompletely  known.  Osborne  (1950) 
stated  that  the  sequence  consists  of  7,000  feet  of  ‘Lower  Burindi  Series’  followed  by 
4,000  feet  of  ‘Lower  Kuttung  Series’,  the  latter  being  made  up  of  about  700  feet  (maxi- 
mum) of  coarse  conglomerates  and  andesites  which  he  referred  to  his  ‘Basal  Stage’  and 
3,300  feet  of  his  ‘Volcanic  Stage’.  He  believed  that  the  several  fossil  occurrences  in  the 
Lower  Kuttung,  one  of  which  is  the  Delepinea  aspinosa  occurrence  in  Stoney  Creek, 
belonged  to  one  horizon  which  he  placed  from  800-1,000  feet  above  the  base  of  the 
Series.  Recent  work  by  B.  A.  Engel  (personal  communication)  suggests  that  the  thickness 
of  the  ‘Basal  Stage’  is  considerably  in  excess  of  700  feet  and  is  almost  twice  that  figure 
near  Rouchel;  that,  although  the  basin  is  much  more  intricately  faulted  than  is  shown  on 
Osborne’s  map,  it  is  possible  to  conclude  that  the  fossil  localities  are  not  on  the  one 
horizon;  and  that  the  Delepinea  beds  are  approximately  3,000  feet  above  the  base  of 
Osborne’s  Basal  Stage.  The  Delepinea  specimens  occur  in  mudstones  and  very  calcareous 
sandstones  and  are  associated  with  a fauna  containing  large  solitary  corals,  Cladochoniis, 
Rhipidoniella,  Leptagonia,  Schizophoria,  Sclnichertella,  and  a new  genus  of  productoid 
brachiopod. 

At  Wiragulla,  near  Dungog,  D.  aspinosa  has  been  collected  from  two  horizons 
approximately  150  feet  apart.  The  associated  fauna  has  been  described  by  Roberts 
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(unpublished  Ph.D.  thesis)  and  has  been  correlated  approximately  with  the  European 
Visean  Cu  III  ^ Zone.  It  contains  Echinoconchus  gradatus  Campbell,  Waageiwconcha 
delicatula  Campbell,  Balanoconcha  eUiptica  Campbell,  Unispirifer  striatocomolutus  (Dun 
and  Benson),  " Strophopleurd’  anterosa  Campbell,  together  with  new  species  of  Inflatia, 
Gigantoproductiis,  Chonetes,  Schiichertella,  Athyris,  Phricodothyiis,  Spirifer,  Avicido- 
pecten,  and  Streblopteria.  The  lower  horizon  occurs  in  fine  calcareous  sandstone  and 
oolitic  limestone  towards  the  top  of  the  Ararat  Formation  (Roberts  1961),  and  the 
upper  horizon  in  pale  fawn  mudstones  near  the  base  of  the  overlying  Wiragulla  Beds. 
The  Wiragulla  Beds  pass  conformably  upwards  into  the  Wallarobba  Conglomerate 
Member  of  the  Wallaringa  Formation  (the  basal  unit  of  the  Kuttung  Group  and 
previously  termed  the  Basal  Stage  by  Osborne);  the  upper  horizon  is  approximately 
450  feet  stratigraphically  below  the  base  of  the  Wallarobba  Conglomerate.  In  terms  of 
Osborne’s  nomenclature  these  horizons  are  in  the  topmost  beds  of  the  ‘Tower  Burindi 
Series’. 

In  the  vicinity  of  Brownmore,  to  the  north-west  of  Dungog,  Delepinea  occurs  on 
several  horizons  through  some  3,000+  feet  of  siltstones,  sandstones,  and  occasional  thin 
limestones  mapped  by  Osborne  (1950)  as  ‘Lower  Burindi  Series’.  Most  of  the  specimens 
available  are  not  specifically  identifiable,  and  there  are  no  well-preserved  brachial 
valves.  However,  two  individuals  showing  the  characteristic  internal  structures  of  the 
pedicle  valve  of  D.  aspinosa  have  been  found.  The  associated  faunas  have  not  yet  been 
examined  in  detail,  but  they  include  the  new  productoid  genus  recorded  above  from 
Rouchel  Brook,  together  with  several  of  the  species  listed  above  from  Wiragulla. 

In  the  Barrington  area,  D.  gJoucesterensis  is  restricted  to  the  Verulam  Limestone  which 
lies  approximately  1,400  feet  below  the  zone  containing  Rhipidomella  fortimuscida 
(Cvancara  1958)  which  is  now  considered  to  be  of  Upper  Visean  age,  and  approximately 
1,600  feet  below  the  Marginirugus  barr'mgtouensis  Assemblage  Zone.  The  sequence 
below  the  Verulam  Limestone  consists  of  Carboniferous  marine  mudstones  and 
sandstones  (the  Wootton  Beds)  of  unknown  thickness,  but  probably  somewhere  near 
6,000  feet.  No  fossil  horizons  are  yet  known  in  this  part  of  the  sequence. 

Some  indeterminable  specimens  of  the  genus  have  been  recorded  by  Engel  (1962) 
from  the  Myall  area,  on  horizons  near  the  top  of  the  Wootton  Beds.  They  he  consis- 
tently below  the  Marginirugus  barringtonensis  Assemblage  Zone. 

Finally,  in  northern  New  South  Wales  a few  well-preserved  specimens  have  been 
found  in  a coralline  limestone  interbedded  in  the  Caroda  Formation  at  Rocky  Creek. 
The  internals  of  these  specimens  are  quite  unknown,  but  from  the  external  appearance 
we  very  tentatively  refer  them  to  D.  aspinosa.  The  associated  fauna  consists  of  the  corals 


EXPLANATION  OF  PLATE  80 
All  figures  natural  size  unless  otherwise  stated. 

Figs.  1-9.  Delepinea  aspinosa  (Dun).  1,  Internal  mould  of  a pedicle  valve  from  Stoney  Creek, 
Rouchel  Brook;  F5868  U.N.E.  2,  Latex  cast  of  part  of  a pedicle  valve  from  same  locality;  F7916 
U.N.E.  3,  Internal  mould  of  same,  X 1 -2.  4,  Same  x 1 -5.  5,  Latex  cast  of  cardinal  margin  show- 
ing broken  spines;  from  same  locality;  E7914  U.N.E.  X 1-5.  6,  7,  Ventral  and  posterior  views  of 

an  internal  mould  of  a pedicle  valve  from  same  locality;  F5863  U.N.E.  8,  9,  Two  views  of  an 
internal  mould  of  a pedicle  valve  showing  the  tubules  penetrating  the  cardinal  area  and  the  sharply 
differentiated  secondary  adductor  scars;  from  the  vicinity  of  746893  Dungog;  14060  A.N.U.,  X 1-5. 
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Aniygdalopliyllwn  etheridgei  Dun  and  Benson,  Lithostrotion  cf.  stanvellense  Etheridge, 
L.  cf.  anmdmewn  Etheridge,  and  Syringopora  cf.  syrinx  Etheridge,  an  assemblage 
considered  by  Hill  (1934)  to  be  of  Visean  age  {Dibimophyllum  Zone). 

The  occurrence  of  D.  aspinosa  with  similar  faunas  at  Rouchel  Brook,  Brownmore, 
and  Wiragulla  suggests  a probable  correlation.  The  great  thickness  of  sediment  at 
Brownmore  in  comparison  with  that  at  Wiragulla  is  consistent  with  the  facies  inter- 
pretations of  Roberts  (1961).  Other  significant  implications  are  that  the  base  of  the 
‘Volcanic  Stage’  has  been  placed  by  Osborne  at  quite  different  levels  in  the  Rouchel 
Basin  and  the  Wallarobba  Syncline,  and  that  coarse  sedimentation  of  ‘Kuttung’  type 
began  earlier  at  the  former  locality  than  the  latter. 

Nothing  definite  can  be  said  of  the  time  relationships  of  D.  aspinosa  and  D.  barrington- 
ensis.  They  are  not  yet  known  in  the  same  sequence  and  the  associated  faunas  have  not 
been  studied  in  sufficient  comparative  detail  to  offer  independent  faunal  evidence  of  age. 

SYSTEMATIC  DESCRIPTIONS 
Delepinea  aspinosa  (Dun)  emend. 

Plate  80,  figs.  1-9;  Plate  81,  figs.  4-10 
1902  Chonetes  aspinosa  Dun,  p.  71,  pi.  19-20. 

Types.  The  extant  syntypes  are  now  housed  in  the  Australian  Museum,  Sydney,  under  catalogue 
numbers  F35596-F35601 . The  originals  of  Dun’s  pi.  20,  fig.  5 and  pi.  19,  fig.  3 are  missing.  The 
specimens  from  Rouchel  Brook  are  moderately  well  preserved  and  in  view  of  the  abundance  of  material 
now  available  from  that  locality  we  are  choosing  F35597,  figured  by  Dun,  pi.  xix,  fig.  1,  as  lectotype. 
It  is  not  as  badly  shattered  as  Dun’s  figure  indicates,  and  is  in  fact  in  a fine  state  of  preservation. 

Description.  Exterior:  Pedicle  valve  strongly  convex,  almost  globose,  with  the  greatest 
convexity  towards  the  umbo;  lateral  slopes  evenly  curved;  cardinal  extremities  slightly 
flattened;  sinus  weak  or  absent;  no  geniculation;  outline  at  early  growth  stages  semi- 
elliptical, but  semicircular  in  the  adult;  greatest  width  at,  or  slightly  anterior  to,  the 
hinge;  cardinal  area  approximately  3-5  mm.  high  directly  beneath  the  umbo  in  a shell 
55  mm.  long  and  5-0  mm.  in  one  70  mm.  long;  cardinal  area  flat  to  very  concave, 
orthocline,  and  tapers  gradually  to  a point  at  the  extremity  of  the  hinge;  delthyrial 
angle  90°-95°;  pseudodeltidium  slightly  arched,  with  a highly  concave  anterior  edge, 
and  occupies  one-third  the  length  of  the  delthyrium  measured  down  the  mid-line; 
cardinal  ridge  with  row  of  spines  spaced  1-2-2  mm.  apart;  lateral  spines  c.  0-5  mm.  in 
diameter  and  probably  4-5  mm.  long;  costellae  very  variable  in  number  being  much 
finer  and  more  numerous  after  a new  series  is  inserted;  five  to  nine  costellae  per  2 mm. 
on  various  parts  of  the  shell;  costellae  regularly  arranged  except  on  the  adult  portion 
where  they  are  sometimes  highly  distorted;  increase  both  by  bifurcation  and  inter- 
calation. 

Brachial  valve  moderately  and  evenly  convex;  deepest  at  the  middle  of  the  valve; 
cardinal  area  catacline,  and  2-5  mm.  high  at  the  umbo  in  shells  c.  75  mm.  wide;  chilidium 
full  height  of  area,  broadly  convex;  costellae  as  on  pedicle  valve,  increase  both  by 
bifurcation  and  intercalation,  and  average  c.  nine  per  2 mm. 

Interior;  Interior  of  pedicle  valve  marked  by  usual  chonetine  grooves  and  tuberculate 
ridges,  covering  almost  the  whole  surface  outside  the  muscle  scars  in  juveniles,  but 
confined  to  the  anterior  half  of  the  surface  in  adults;  remainder  of  surface  in  adults 
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with  indistinct,  short,  non-tuberculate  ridges;  juveniles  and  young  adults  with  regular 
continuous  ridges,  adults  with  discontinuous  shorter  ridges  and  longer,  more  widely 
spaced  tubercules;  median  septum  in  juveniles  very  thin  and  low,  but  in  adults  blunt, 
thick,  rising  from  a massive  rounded  callus  in  the  apex  of  the  umbonal  cavity  and 
extending  c.  one-quarter  the  length  of  the  muscle  field;  anterior  edge  of  septum  not 
denticulate;  in  well  preserved  specimens  septum  uniform  in  height  and  truncated 
anteriorly;  teeth  small  for  such  a large  species,  and  consist  of  small  rounded  projections 
extending  straight  forward  from  the  hinge;  callosities  buttress  teeth  and  occasionally 
leave  small  pits  on  their  outer  sides;  shoulders  of  valves  in  juveniles  only  slightly 
thickened,  but  thickening  greatly  increased  in  adults,  the  whole  cardinal  area  being 
backed  with  callus. 

Greatest  shell  thickness  observed  is  6 mm.  in  region  adjacent  to  muscle  scars;  muscle 
field  in  juveniles  flabellate,  slightly  impressed,  rounded  anteriorly,  pointed  posteriorly, 
and  with  straight  postero-lateral  limits  at  angles  of  25°-35°  to  the  hinge;  in  adults, 
muscle  field  much  broader  and  not  pointed  posteriorly,  more  nearly  straight  anteriorly 
and  increasingly  convex  postero-laterally;  adductor  scars  scarcely  distinguishable  in 
juveniles;  in  adults  clearly  defined,  oval,  dendritic,  with  width  from  0-5  to  0-8  times 
length,  and  extending  from  the  posterior  extremity  to  the  mid-point  of  the  whole  muscle 
field  or  slightly  beyond;  anterior  and  posterior  adductors  often  difficult  to  distinguish, 
but  anterior  pair  well  rounded  and  situated  against  the  front  edge  of  the  posterior  pair; 
adductor  attachments  often  run  well  up  the  sides  of  the  median  septum;  diductor  scars 
usually  with  deep  longitudinal  striations  causing  a serration  of  their  anterior  edges; 
secondary  diductor  scars  immediately  in  front  of  adductors  (often  in  contact  with  them), 
and  lie  within  1-2  mm.  of  the  mid-line  in  the  valve ; these  scars  usually  widest  posteriorly  and 
tapering  toward  the  front,  but  sometimes  the  opposite  holds;  striations  run  forwards 
and  inwards,  clearly  distinguishing  them  from  the  main  diductors;  tubules  through 
cardinal  area  normally  oriented  for  the  genus,  circular  or  slightly  elliptical  in  cross 
section;  tubules  near  the  umbo  taper  posteriorly,  those  toward  the  cardinal  margins 
taper  more  gently,  maintain  a uniform  diameter  throughout  or  even  occasionally  expand 
slightly  posteriorly;  diameter  of  tubules  2 cm.  from  umbo  (measured  at  mid-length  of 
tubule)  0-2-045  mm.,  average  0-3  mm. 


EXPLANATION  OF  PLATE  81 

All  figures  natural  size  unless  otherwise  stated. 

Figs.  1-3.  Delepinea  gloiicestereiisis  sp.  nov.  1,  Internal  mould  of  the  pedicle  valve  of  a young  speci- 
men from  913371  Gloucester;  F5884  U.N.E.  2,  3,  Latex  cast  of  the  exterior  of  a brachial  valve, 
and  posterior  view  of  the  cardinal  process,  F5910  U.N.E.  from  same  locality.  The  chilidium  is 
broken,  x 1 and  X 2 respectively. 

Figs.  4-10.  Delepinea  aspiiiosa(T>un).  4,  5,  Latex  cast  of  the  interior  of  a brachial  valve  and  posterior 
view  of  the  cardinal  process,  F7921  U.N.E.,  from  Stoney  Creek,  Rouchel  Brook.  Chilidium  almost 
entirely  broken  away.  X 1 and  X 2 respectively.  6,  Latex  cast  of  the  interior  of  a brachial  valve, 
E7917  U.N.E.  from  the  same  locality.  7,  Latex  cast  of  the  interior  of  a juvenile  brachial  valve, 
14062  A.N.U.,  from  the  vicinity  of  746893  Dungog.  8-10,  Latex  cast  of  the  interior  of  a brachial 
valve,  and  posterior  view  of  the  cardinal  process,  14064  A.N.U.  from  the  vicinity  of  746893  Dungog. 
X 1 , X 2,  and  x 2 respectively. 

In  figures  4,  6,  8,  and  9,  note  the  development  of  the  platform  and  the  shape  of  the  lobes  buttress- 
ing the  front  of  the  cardinal  process.  These  are  absent  in  the  juvenile  of  figure  7. 
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Cardinal  process  vertical  to  slightly  undercut  anteriorly  and  almost  vertical 
posteriorly;  broadly  bilobate  anteriorly;  posterior  face  with  a moderately  high,  narrow, 
median  lobe  divided  over  its  whole  length  by  a very  narrow  and  deep  incision;  lateral 
lobes  broad,  battened  and  divided  medially  by  a low,  narrow,  rather  sharp  crested  ridge; 
socket  plates  thin,  run  proximally  into  the  cardinal  process  and  curve  around  distally 
to  enclose  the  end  of  the  sockets;  only  slight  callus  deposition  across  the  front  of  the 
socket  plates  but  a pair  of  distinctively  shaped  rounded  lobes  buttresses  the  front  of 
the  cardinal  process  where  it  joins  the  socket  plates;  broad  low  platform  forward  of 
cardinal  process,  bearing  a shallow  to  moderate  medial  groove,  or  even  a low  indehnite 
medial  ridge;  edges  of  platform  marked  by  very  short  sharp  ‘lateral  septa’;  posterior 
adductor  scars  broad,  slightly  impressed  and  dendritic;  anterior  adductors  roughly 
pear-shaped,  abutting  the  median  septum,  and  dendritic;  median  septum  slight; 
surface  lateral  to  the  muscle  field  tuberculate;  anterior  surface  with  tuberculate  ridges 
as  on  the  pedicle  valve. 

Comparisons.  D.  cannindahensis  Maxwell  can  be  distinguished  from  D.  aspinosa  by  its 
very  narrow  sinus,  narrower  platform  in  front  of  the  cardinal  process,  more  coarsely 
marked  central  and  postero-lateral  adductors  in  the  brachial  valve,  and  smaller  callus 
deposits  on  the  front  of  the  socket  plates.  Several  other  features  such  as  the  muscle  scars 
of  the  pedicle  valve,  the  detail  of  the  cardinal  process  and  the  size  and  arrangement  of 
the  tubules  in  the  cardinal  area  of  the  pedicle  valve  are  not  sufficiently  well-known  to 
enable  adequate  comparisons  to  be  made. 

D.  carinata  (Garwood)  and  D.  destinezi  (Vaughan)  are  easily  distinguished  on  the  basis 
of  external  form,  the  former  having  a large  median  fold  in  the  pedicle  valve  and  the  latter 
being  geniculate.  In  addition  the  proportions  of  the  adductor  and  diductor  scars  in  both 
species  are  quite  different  from  those  of  D.  aspinosa. 

D.  comoides  (Sowerby)  from  the  Visean  (and  possibly  D2)  Subzone  of  Britain  is 
probably  the  closest  of  the  overseas  species.  Their  overall  shapes  are  similar  and  the 
interiors  of  the  pedicle  valves  are  comparable  so  far  as  can  be  determined  from  the 
illustrations  available.  Reliable  data  on  the  interior  of  the  brachial  valve  of  D.  comoides 
are  lacking. 

The  species  described  by  Paeckelmann  (1930)  from  the  Visean  of  Germany  are  defined 
mainly  on  external  features,  particularly  the  height  and  concavity  of  the  pedicle  cardinal 
area,  relative  proportions  of  the  whole  shell,  and  the  presence  or  absence  of  a sinus. 
Unfortunately  the  internal  characters  are  not  described  for  the  species  which  are  extern- 
ally comparable  with  D.  aspinosa,  viz.  D.  comoides  (Sowerby),  D.  comoides  rhenana 
(Paeckelmann),  and  D.  ratingensis  (Paeckelmann),  and  so  conclusive  comparisons  can- 
not be  made.  However,  the  illustrations  of  pi.  19,  figs.  2a-e  of  the  interior  of  the  pedicle 
valve  on  D.  comoides  rhenana  are  very  reminiscent  of  D.  aspinosa. 

The  Russian  material  referred  to  D.  comoides  by  Sokolskaya  (1950)  is  also  very  similar 
to  D.  aspinosa  externally  but  the  brachial  interior  as  figured  on  pi.  xii,  fig.  2a  differs 
in  its  large  sockets  and  massive  socket  plates,  a high,  rounded  platform  in  front  of  the 
cardinal  process,  and  probably  also  in  the  form  of  the  cardinal  process.  The  pedicle 
valve  also  shows  very  long  adductor  scars  without  a clear  differentiation  into  posterior 
and  anterior  pairs,  and  the  entire  muscle  field  has  a much  greater  length/width  ratio. 

Occurrence.  The  species  is  abundant  at  Rouchel  Brook.  It  has  also  been  found  6?,  miles 
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from  Stroud  on  the  track  to  Myall  in  an  unidentified  formation  (syntype  specimen); 
at  ‘Homeleigh’  Homestead  on  the  Williams  River  near  Bullee  Coggee  Creek ; approximately 
3,000  feet  lower  in  the  section,  on  the  Williams  River  east  of  ‘Homeleigh’  Homestead; 
and  near  Wiragulla  at  several  localities  in  the  vicinity  of  746893  Dungog  One  Mile 
Military  Sheet,  1 mile  south-west  of  ‘Cangon’  Homestead,  between  Dungog  and  Wiragulla, 
where  specimens  are  very  common. 

Delepinea  g/oucesterensis  sp.  nov. 

Plate  81,  figs.  1-3;  plate  82,  figs.  1-12 

Holotype.  F5881  U.N.E.  Coll,  from  the  McRae  Limestone  at  913371  Gloucester  One  Mile  Military 
Sheet. 

Diagnosis.  Similar  to  D.  aspinosa  in  form,  size,  and  ornament,  but  differs  in  having 
a distinct  sinus  and  a finer  median  septum  in  the  pedicle  valve,  a definitely  V-shaped 
pedicle  umbonal  callus,  smaller  secondary  diductor  scars,  more  robust  tubules  through 
the  pedicle  cardinal  area,  a thicker  callus  deposit  on  the  front  of  the  socket  plates,  and 
broader  more  rounded  ridges  on  the  lateral  lobes  of  the  cardinal  process. 

Description.  (Incorporating  only  points  of  difference  from  D.  aspinosa  or  features  not 
observed  in  that  species.) 

Exterior:  Broad  shallow  sinus  extending  almost  to  the  umbo  in  at  least  some  specimens, 
though  too  few  exteriors  are  preserved  to  be  certain  that  this  is  an  invariable  feature. 

Interior:  Median  septum  in  pedicle  valve  slender,  sharp  anteriorly,  and  usually  continued 
as  a weak  myophragm  two-thirds  or  more  of  the  length  of  the  muscle  field ; umbonal  callus 
large  and  having  two  extensions  dividing  the  adductors  from  diductors  and  thus  forming 
an  inverted  V;  secondary  diductor  scars  scarcely  distinguishable  in  many  specimens, 
and  where  present  very  narrow;  diameter  of  tubules  in  cardinal  area,  measured  at  middle 
of  tubule  and  2 cm.  from  umbo,  averages  0-4  mm.  over  a range  of  0-2-0-45  mm. 

Socket  plates  thick  and  overlaid  by  thick  callus  deposits  on  their  anterior  faces;  callus 
in  front  of  cardinal  process  fills  much  of  area  between  the  socket  plates  and  forms 
a broad  low  platform  approx.  7 mm.  long  in  adults ; low  median  septum  rises  from  edge  of 
platform,  inereases  gradually  in  height  to  its  mid-length,  and  then  becomes  gradually 


EXPLANATION  OF  PLATE  82 

All  figures  of  natural  size  unless  otherwise  stated,  and  all  from  913371  Gloucester. 

Figs.  1-12.  Delepinea  gloiicesterensis  sp.  nov.  1-3,  Latex  cast  of  the  interior  of  a brachial  valve  and 
a posterior  view  of  the  cardinal  process;  F5904  U.N.E.  x 1 , X 2,  and  X 2 respectively.  4,  Latex  cast 
of  the  interior  of  a juvenile  specimen,  F7920  U.N.E.  5-6,  Internal  mould  of  part  of  a pedicle  valve 
showing  the  unusually  long  secondary  adductor  scars  and  the  small  secondary  diductor  scars; 
F5891  U.N.E.,  X 1 and  X F5  respectively.  7-9,  Internal  mould  of  a pedicle  valve  in  ventral  and 
posterior  views;  F5881  U.N.E.,  x 1,  x 1,  and  X 1'5  respectively.  Note  the  peculiar  shape  of  the 
callus  at  the  rear  of  the  adductor  scars,  the  poor  definition  of  the  secondary  adductor  scars,  and  the 
narrow  secondary  diductors.  10,  Latex  cast  of  same.  11,  Fragmentary  internal  mould  of  a pedicle 
valve  showing  the  muscle  pattern;  F5899  U.N.E.,  X 1-5.  12,  Latex  cast  of  the  interior  of  a pedicle 

valve  showing  the  teeth  and  the  pseudodeltidium;  F5867  U.N.E. 
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lower  towards  the  middle  of  the  valve ; cardinal  process  as  in  D.  aspinosa  except  that  on 
the  posterior  face  each  lateral  lobe  bears  a broad,  well-rounded  ridge;  posterior  adductor 
scars  narrowly  rounded  towards  the  umbo,  broadly  rounded  anteriorly,  and  set  in 
shallow  depressions  between  the  socket  plates  and  the  central  platform ; surface  of  scars 
faintly  dendritic;  anterior  adductors  oval  in  outline,  raised  with  respect  to  the  other  pair, 
longitudinally  striated  along  their  outer  halves,  but  the  striae  directed  forwards  and 
inwards  on  their  inner  halves;  scars  abut  against  the  front  end  of  the  central  platform; 
median  septum  low,  rises  from  edge  of  central  platform  and  extends  to  the  mid-point  of 
the  valve;  tuberculate  ridges  comparable  with  those  of  the  pedicle  valve. 

Comparisons.  The  closest  species  is  probably  D.  aspinosa  from  which  it  is  differentiated 
by  the  characters  given  in  the  diagnosis.  It  is  difficult  to  make  consistent  measurements 
of  the  diameter  of  the  tubules  through  the  cardinal  area,  but  inspection  of  the  specimens 
leaves  a clear  impression  that  they  have  a greater  diameter  in  D.  gloucesterensis. 

Occurrence.  The  species  is  relatively  abundant  in  pockets  in  the  McRae  Limestone, 
south  of  Barrington,  N.S.W. 
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ON  THE  NAUTILOID  LEU ROCYCLOCERAS  FROM 
THE  LUDLOVIAN  OF  WALES  AND  THE  WELSH 

BORDERLAND 

by  C.  H.  HOLLAND 


Abstract.  Wahlenberg’s  species  Orthoceratites  imbricatus  is  discussed  and  considered  a nomen  diibium.  The 
characteristic  isolated  cameral  moulds  from  the  upper  part  of  the  Ludlovian  (Silurian)  of  Wales  and  the  Welsh 
Borderland,  which  have  been  commonly  referred  to  this  species  or  to  Ortboceras  rnarloense  Phillips,  are  assigned 
to  the  genus  Leurocycloceras  Foerste,  under  the  new  specific  name  L.  whitcliffense.  The  latter  species  is  fully 
described  and  problems  of  the  preservation  and  interpretation  of  the  moulds  are  discussed.  It  is  concluded  that 
Leurocycloceras  provides  decisive  evidence  for  the  organic  origin  of  cameral  deposits. 


The  highest  (WhitclifFian)  stage  of  the  Ludlovian  in  Wales  and  the  Welsh  Borderland 
(Holland,  Lawson  and  Walmsley  1963)  is  characterized  by  a shelly  fauna,  new  to  the 
area,  in  which  brachiopod  species  are  relatively  few  and  molluscs  important.  Among  the 
latter  occurs  a group  of  distinctive,  and  indeed  diagnostic,  nautiloid  cephalopods.  There 
is  a tendency  for  elements  of  the  Whitcliffian  fauna  to  appear  earlier  in  south-easterly 
districts  of  the  Welsh  Borderland  (Holland  and  Lawson  1963).  Thus  some  of  these  fossils 
are  already  present  in  the  preceding  Leintwardinian  Stage  in  the  south  and  east,  while  to 
the  north-west,  e.g.  in  Clun  Forest,  the  Whitcliffian  itself  begins  with  very  poorly  fossili- 
ferous  strata.  In  this  latter  situation  the  nautiloids  may  be  conspicuous  among  the  first 
traces  of  the  Whitcliffian  fauna.  One  of  the  commonest  of  these  is  the  form  which  has 
been  known  for  many  years  as  Orihoceras  imbricatum  Wahlenberg  or  as  O.  rnarloense 
Phillips.  Stamp  (1919,  p.  228)  noted  it  as  the  commonest  fossil  in  the  Rhynehonella  Beds 
of  part  of  Clun  Forest,  and  Holland  (1959,  pp.  453-4),  in  the  Knighton  district,  Radnor- 
shire, recorded  its  first  appearance  in  strata  ‘in  which  occasional  members  of  the  fauna 
of  the  younger  Ludlovian  rocks  begin  to  appear’.  Both  these  horizons  are  in  the  lower 
part  of  the  Whitcliffian.  The  present  paper  is  concerned  with  the  description  of  this 
species  and  the  taxonomic  and  interpretive  problems  which  it  raises. 

TAXONOMY 

The  specific  name  Orthoceratites  imbricatus  was  first  used  by  Wahlenberg  (1818,  p.  89) 
for  a nautiloid  from  the  Isle  of  Gotland.  His  description  is  short  and  no  figure  was 
published.  Foord  (1888,  p.  182)  had  already  noted  that  no  species  answering  to  Wahlen- 
berg’s definition  could  be  found  in  any  of  the  Swedish  collections  and  Dr.  Anders 
Martinsson  of  the  University  of  Uppsala  has  kindly  searched  again,  without  success, 
on  my  behalf.  If  a type  specimen  were  available  it  might  well  be  difficult  to  assign  it  to 
a meaningful  genus.  In  its  absence  the  species,  though  valid  according  to  the  I nternational 
Code  of  Zoological  Nomenclature,  cannot  now  be  interpreted  and  should  be  considered 
a nomen  dubium. 

Hisinger  (1831,  p.  112,  pi.  4,  fig.  4;  1837,  p.  89,  pi.  9,  fig.  9)  briefly  described  and 
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figured  Orthoceratites  imbricatus  Wahlenberg,  again  from  Gotland.  Blake  (1882,  p.  153), 
in  reference  to  the  ‘ type  ’ of  this  same  species,  wrote : ‘ Wahlenberg’s  short  description 
merely  states  that  the  type  consists  of  imbricating  sheaths,  which  are  very  convex,  and 
not  more  than  a line  apart;  and  the  siphuncle  is  very  fine  and  filiform,  and  is  central. 
The  figure  given  by  Hisinger  [‘  1827’  according  to  Blake,  although  this  is  clearly  an  error 
for  1837]  to  represent  Wahlenberg’s  shell  appears  to  have  misled  some,  who  had  not 
referred  to  the  latter  author,  to  suppose  the  siphuncle  was  nearly  lateral.  This  figure, 
however,  may  nevertheless  be  taken  to  also  represent  the  type,  especially  as  its  inconsis- 
tencies with  the  description  admit  of  explanation.  ’ But,  in  further  reference  to  Hisinger’s 
figure,  Blake  notes  that  ‘The  siphuncle  is  too  large  to  be  called  filiform,  and  is  not  quite 
in  the  centre’.  Foord  (1888,  p.  181)  took  a very  different  view:  ‘The  type  described  by 
Wahlenberg  is  stated  to  have  an  extremely  slender,  filiform,  central  siphuncle,  and 
therefore  it  could  not  have  belonged  even  to  the  same  genus  as  Hisinger’s  A.  imbricatwn 
[Foord,  following  Eichwald  (1860,  p.  1253),  refers  the  species  to  the  genus  Actinoceras], 
much  less  to  that  species.’  There  is  no  doubt  that  the  latter  view  is  the  correct  one  as 
Hisinger’s  figure  shows  a relatively  large  siphuncle  which  is  actually  marginal  in  position. 

Barrande  (1870,  pi.  440,  figs.  1,2;  1874,  p.  705)  resolved  this  difficulty  by  renaming 
Hisinger’s  species  Orthoceras  pseudo-imbricaUim.  This  is  fully  described  and  illustrated 
and  this  specific  name  also  appears  to  be  valid.  Barrande  (1870,  pi.  440,  figs.  3,  4; 
1874,  p.  701)  also  described  and  figured  a specimen  of  O.  imbricatum  Wahlenberg.  The 
figures  show  a slowly  expanding  shell  of  almost  circular  cross-section,  in  which  there  is 
a small  sub-central  siphuncle  and  no  trace  of  markings  on  the  septal  surface.  The 
specimen  is  said  to  come  from  Gotland  and  to  have  had  Angelin’s  approval,  but  that 
Barrande  had  reservations  about  its  representing  Wahlenberg’s  species  is  shown  by  his 
title  O.  imbricatuml  Wahlenberg  in  the  text. 

However,  Foord  (1888,  p.  182)  quotes  a letter  received  in  June  1887  from  Lindstrom 
as  follows:  ‘.  . . I have  had  the  type  specimen  of  Barrande’s  O.  imbricatwn  as  a loan 
from  Prague,  and  it  is  as  faithfully  figured  in  his  grand  work  as  all  his  specimens  prove 
to  be.  I have,  however,  strangely  enough,  not  found  a single  Gothland  Orthoceratite 
which  I may  pronounce  as  identical  with  that  type.  I see  no  other  way  but  to  drop 
O.  imbricatwn,  Wahlenberg,  and  keep  O.  imbricatum,  Hisinger,  for  that  long  so-named, 
as  I have  proposed  long  ago.  . . .’  Foord  now  accepted  this  course,  unwisely  as  we  have 
seen,  because  O.  imbricatwn  Wahlenberg,  though  it  cannot  be  interpreted,  is  neverthe- 
less a valid  species.  Barrande’s  solution  to  the  problem  of  Hisinger’s  species,  though  not 
to  Foord’s  liking,  is  evidently  the  more  correct  one.  It  is  accepted  as  such  by  Teichert 
(1934,  p.  391),  who  gives  a full  synonymy  and  discussion  under  Armenoceras  pseudo- 
imbricatwn  (Barrande). 

Blake  (1882),  in  his  monograph  of  British  Silurian  cephalopods,  described  and 
illustrated  material  referred  to  O.  imbricatwn  Wahlenberg.  He  noted  (p.  153)  that  ‘The 
British  specimens  that  are  fairly  referable  to  this  species  show  considerable  variation  in 
many  points’.  As  he  regarded  O.  imbricatwn  Wahlenberg  as  adequately  represented  by 
Hisinger’s  species  this  is  scarcely  surprising.  His  material  included  those  ‘separate 
septal  surfaces  ’ with  which  this  present  paper  is  expressly  concerned  and  which  he  found 
to  occur  ‘only  in  the  upper  Ludlow,  or  in  rocks  of  undefined  Upper  Silurian  age’.  It  is 
clear  that  these  do  not  belong  to  Hisinger’s  species  (they  do  not  have  the  wide  marginal 
siphuncle  of  the  latter)  and  they  are  here  described  under  a new  specific  name.  For- 
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tunately  they  are  closely  comparable  with  North  American  material  of  the  genus 
Leiirocycloceras  Foerste. 

Finally  mention  must  be  made  of  Orthoceras  marloense  Phillips.  This  was  originally 
described  (Phillips  1848,  p.  353,  pi.  13,  fig.  1)  as  resembling  O.  imbricatum  and  neither 
Blake  nor  Foord  could  see  justification  for  its  establishment.  It  is  certainly  different 
from  Hisinger’s  species  as  its  siphuncle  is  approximately  central.  It  is  a valid  species  of 
which  the  type  secimen  has  been  examined,  and  I am  satisfied  that  it  cannot  be  made  to 
include  the  ‘separate  septal  surfaces’  and  other  material  described  under  O.  imbricatum 
Wahlenberg  by  Blake.  It  is  not  well  preserved,  but  its  siphuncle  appears  to  be  relatively 
large  as  well  as  more  centrally  situated.  Above  all  it  shows  no  traces  of  the  curious 
surface  structures  to  be  described  later. 


1882  Orthoceras  imbricatum  Wahlenberg;  Blake,  pp.  153-5  (pars),  pi.  14,  figs.  ?3,  3a,  4,  4a 
5,  6 (uou  fig.  1). 

1888  Orthoceras  marloense  Phillips;  Foord,  p.  19  (pars). 

1919  Orthoceras  marloense!  Phillips;  Stamp,  pp.  228,  244. 

1963  Michelinoceras  imbricatum  (Wahlenberg);  Holland,  Lawson  and  Walmsley,  pi.  7,  fig.  2. 

Material.  Sixty-seven  specimens,  of  which  about  one-fifth  were  originally  collected  by  the  author.  Of 
the  total,  thirty-two  specimens  are  in  the  collections  of  the  British  Museum  (Nat.  Hist.);  ten  in  those 
of  the  Geological  Survey  and  Museum;  and  ten  in  those  of  the  University  Museum,  Oxford.  The 
appropriate  prefixes  BMNH  (British  Museum)  and  GSM  (Geological  Survey  and  Museum)  are  used 
in  the  following  description. 

The  holotype,  BMNH  C70588  (PI.  83,  figs.  1,  5),  was  in  the  Ludlow  Museum  Collection  purchased 
by  the  British  Museum  in  1947  and  has  the  label  ‘Silurian  (Upper  Ludlow)  locality  unrecorded 
(?  Ludlow,  Shropshire)’.  The  small  amount  of  the  matrix  attached  to  the  fossil  is  certainly  typical  of 
the  siltstones  of  the  shelf  facies  of  the  Ludlovian  in  the  Welsh  Borderland.  The  other  eight  figured 
specimens  are  BMNH  C2922,  C71853-7;  and  GSM  102290-1. 

Dimensions  of  holotype  (see  text-fig.  1): 


SYSTEMATIC  DESCRIPTION 


Order  michelinoceratida  Flower 
Family  michelinoceratidae  Flower 
Genus  leurocycloceras  Foerste  1928 


Leiirocycloceras  whitcliffense  sp.  nov. 

Plate  83,  figs.  1-10 


Length  (1) 

Length  within  rim  (f) 

Breadth  (b) 

Breadth  within  rim  (b') 

Siphuncle  to  ventral  periphery  (v) 
Diameter  of  siphuncle  (s) 

Height  (h) 

Height  above  rim  (h') 


28  0 mm. 
26-1  mm. 
25-0  mm. 
22-1  mm. 
10-5  mm. 
4T  mm. 
7 0 mm. 
4 0 mm. 


Diagnosis.  Species  with  cross-section,  position  of  siphuncle,  and  internal  structures  as 
of  Leurocycloceras.  Cameral  deposits  developed  so  strongly  that  internal  cavity  is  very 
small,  of  moderate  convexity,  and  surrounded  by  well-developed,  steeply  inclined. 
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pseudoseptum.  Surface  of  hyposeptal  deposits  with  variable  system  of  somewhat 
irregular,  radiating,  narrow  markings,  arranged  with  some  bilateral  symmetry  about  the 
dorso-ventral  axis.  Between  these  are  fine  markings  dividing  peripherally.  Episeptal 
surface  with  more  irregular  system  of  radiating  markings  dividing  peripherally,  and 
without  such  clear  distinction  of  main  branches  and  finer  ones  between. 

Description.  The  material  consists  entirely  of  isolated  internal  moulds  of  camerae 
similar  to  those  described  by  Flower  (1941)  in  Leurocychceras  cf.  niagarense.  The  latter 
are  dolomitized  but  the  specimens  described  here  are  preserved  in  typical  Ludlovian 
siltstone.  The  external  proportions  of  the  original  shell  are  thus  not  known,  though  its 
cross-section  was  certainly  elliptical,  with  a relatively  small  siphuncle  placed  excentric- 
ally  upon  its  longer  axis.  It  is  reasonable  to  assume  that  the  septa  were  concave  adorally 
and  it  is  likely  that  the  siphuncle  lay  at  the  point  of  greatest  concavity.  No  specimen  has 
been  traced  in  which  the  moulds  are  associated  together  in  the  manner  suggested  by 
Blake’s  description  and  by  one  of  his  illustrations  (1882,  p.  153,  pi.  14,  fig.  3).  The 
cameral  moulds  display  remarkable  surface  features  very  similar  to  those  described  by 
Flower  (1941).  There  are  several  dilferent  modes  of  preservation,  as  follows: 

{a)  The  surface  features  are  best  seen  in  the  relatively  common  convex  moulds, 
such  as  the  holotype,  of  the  kind  illustrated  in  text-fig.  1 (and  see  PI.  83,  figs.  1,  2,  5). 
The  position  of  the  siphuncle  is  represented  by  a variously  preserved,  but  usually 
slightly  crater-like,  structure,  in  which  an  approximately  circular  central  area  of  uneven 
surface  is  limited  by  a rounded  wall  rising  steeply  from  its  external  surround.  Occasion- 
ally, as  in  the  holotype  (PI.  83,  fig.  1),  this  wall  is  seen  to  be  crossed  by  a very  faint 
radial  system  of  ridges.  The  shorter  length  of  the  longitudinal  axis  of  the  elliptical  mould, 
between  the  siphuncle  and  the  ‘rim’,  is  occupied  by  an  acutely  triangular,  relatively 
smooth  area.  This  is  slightly  elevated  in  relation  to  the  areas  to  the  sides  of  it.  It  represent 
the  so-called  ‘ventral  process’  (Flower  1941,  &c.).  The  remainder  of  the  convex  surface, 
within  the  ‘rim’,  has  a pattern  of  radiating  grooves  somewhat  symmetrical  about  the 
long  axis.  The  basic  arrangement  of  these  is  of  a dorsal  groove  and  three  lateral  grooves 


EXPLANATION  OF  PLATE  83 

Leiirocycloceras  whitcliffense  sp.  nov.  All  specimens  are  cameral  moulds  whitened  with  ammonium 
chloride. 

Figs.  1,  5.  Holotype,  BMNH  C70588.  ‘ Upper  Ludlow.  ’ ? locality  Ludlow,  Shropshire.  1,  adapical 
aspect  (x2).  5,  adapica  1-lateral  aspect  (x2). 

Fig.  2.  GSM  102290.  Whitcliffian.  Garth  Hill,  Knighton,  Radnorshire.  Adapical  aspect  (x  2). 

Fig.  3.  BMNH  C2922.  ' Upper  Ludlow.  ’ Ludlow,  Shropshire.  Adapical  aspect  ( X 2). 

Fig.  4.  BMNH  C71853.  Dabnanella  Iiinata  Beds  (Whitcliffian).  Small  stream  south-west  of  Castle 
Bryn  Amlwg,  190  yards  above  junction  with  Rhuddwr  Brook,  Shropshire  (SO  166845).  Adapical 
aspect  (X  2). 

Fig.  6.  BMNH  C71854.  Upper  Whitcliffe  Beds  (Whitcliffian).  Sunken  quarry,  south  side  Ludlow- 
Leintwardine  road,  Herefordshire  (SO  442759).  Adoral  aspect  (x2). 

Fig.  7.  BMNH  C7 1855.  Dalmanella  liiiiata  Beds  {Whitcliffian).  Main  Kerry-Clun  road,  Montgomery- 
shire, 156  yards  south-east  of  milestone  (Newtown  7-^-  m.)  Adoral  aspect  (x2). 

Fig.  8.  GSM  102291.  ‘Upper  Ludlow.’  Bishop’s  Castle,  Shropshire.  Adapical  aspect  (X  1-5). 

Fig.  9.  BMNH  C71856.  ‘Upper  Ludlow.’  Ludlow,  Shropshire.  Adapical  aspect  (X  1-5). 

Fig.  10.  BMNH  C71857.  Llan-wen  Hill  Beds  (Whitcliffian).  Old  quarry  near  Warren  House  Farm 
2 miles  south-west  of  Knighton,  Radnorshire  (SO  258706).  Adoral  aspect  (X  1-5). 
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PLATE  83 


HOLLAND,  Leurocycloceras  whitclijfense 
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TRACES 

FINER  HYPOSEPTAL 
DORSAL  VASCULAR  MARKS 


EP!  SEPTAL  PROCESS 

VASCULAR  MARKS 
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TEXT-FIG.  1.  Caineral  mould  of  Leurocycioceras  whitcliffense  sp.  nov.  Holotype,  BMNH  C70588. 
A,  B,  Simplified  drawings  of  adapical  and  lateral  aspects,  approx.  x2.  For  full  details  see  Plate  83, 
figs.  1,5.  c,  D,  Simplified  plans  of  a and  b to  show  positions  of  measurements. 
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at  each  side.  Variations  are  considerable,  as  shown  by  the  examples  in  text-fig.  2;  but 
these  may  be  caused  in  part  by  subsequent  cracking  of  the  surface  in  a manner  reminis- 
cent of  that  seen  in  septarian  nodules.  A faint  system  of  finer,  exteriorly  dividing, 
markings  may  be  developed  between  the  main  radial  structures  as  shown  in  text-fig. 
\a  and  in  Plate  83,  figs.  1,  2,  5,  8,  and  9.  Frequently,  as  in  these  same  illustrations,  a 
‘ crust  ’ more  or  less  broken  from  the  patterned  surface  is  present  peripherally.  On  the 
surface  of  this  crust  finer  markings,  dividing  irregularly  towards  the  circumference,  are 


TEXT-FIG.  2.  Simplified  drawings  of  twelve  specimens  (rim  omitted  in  each  case  and  ventral  process 
indicated  by  oblique  lines)  to  show  variation  in  pattern  of  hyposeptal  grooves. 

usually  to  be  seen.  The  crust  is  a layer  about  0-5  to  1 mm.  thick.  The  convex  surface  with 
its  crust  is  surrounded  by  a steeply  inclined  peripheral  ‘rim’.  This  rim  of  the  mould  is 
again  variable  but  usually  presents  a series  of  steps  and  striae  of  the  kind  shown  in 
text-fig.  \b. 

The  ‘crust’  is  here  interpreted  as  representing  the  sedimentary  infilling  of  a deposit- 
constricted  camera,  and  the  ‘rim’  of  the  mould  the  position  of  its  pseudoseptum  (see 
Flower  1941,  1955,  &c.).  Thus  the  pattern  of  grooves  in  the  central  area  represents  an 
external  mould  of  the  adoral  surface  of  this  infilling  and  therefore  an  impression  (twice 
derived)  of  the  (adapical)  surface  of  the  hyposeptal  deposit  of  the  camera. 

(b)  More  common,  but  giving  an  incomplete  picture  of  the  structures  involved,  are 
similarly  convex  moulds  in  which  the  crust  is  unbroken  and  complete,  and  the  whole 
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surface  within  the  rim  covered  by  fine  markings.  The  branches  divide  irregularly  towards 
the  periphery  and  may  finally  assume  an  arrangement  of  close  parallel  ridges.  This  second 
state  of  preservation  is  believed  to  provide  moulds  of  the  surfaces  of  the  episeptal 
deposits  of  the  camerae.  The  ventral  process  is  again  an  ill-defined  acutely  triangular 
area,  which  is  free  from  vascular  markings.  Examples  are  shown  in  Plate  83,  figs.  3,  4. 

In  one  specimen  only  (PI.  83,  fig.  4)  an  entirely  clear  connexion  is  seen  between  the 
vascular  system  and  the  siphuncle.  A similar  relationship  was  noted  by  Flower  in 
Leiirocycloceras  cf.  niagarense  (Flower  1941,  pi.  1,  fig.  3). 

(c)  It  will  be  apparent  that  specimens  of  the  kind  described  under  {a)  above  represent 
a condition  intermediate  between  that  of  type  {b)  and  a third  type  in  which  the  whole 
of  the  crust  is  absent  and  the  convex  surface  with  its  pattern  of  roughly  symmetrical 
striae  occupies  the  whole  area  within  the  rim.  Specimens  such  as  those  illustrated  in 
Plate  83,  figs.  8 and  9,  approach  this  condition,  but  it  is  very  rare  to  find  examples  in 
which  the  whole  of  the  crust  is  missing. 

{d)  In  addition,  it  is  clearly  theoretically  possible  to  find  counterparts  of  all  three 
types  of  moulds  described  above.  Of  these,  counterparts  corresponding  to  type  {a)  are 
fairly  common  and  a few  corresponding  to  type  {b)  have  been  examined.  The  former  are 
concave  moulds  as  in  Plate  83,  figs.  6,  7,  and  10,  in  which  the  periphery  of  the  concave 
hollow  (see  outer  part  of  fig.  10)  represents  the  finely  vascular  surface  of  type  (b)  and  the 
crust  (cameral  infilling)  itself  is  present  towards  the  centre.  The  relative  instability,  once 
exposed,  of  moulds  of  the  kind  shown  in  Plate  83,  fig.  10,  especially  around  the  peri- 
phery, probably  accounts  for  the  apparent  absence  of  counterparts  of  the  third  type  in 
which  the  crust  would  cover  the  peripheral  area  out  to  the  rim.  The  stronger  branches 
of  the  roughly  symmetrical  system  (which  in  this  case  are  preserved  as  ridges  rather  than 
grooves)  do  not  show  up  clearly  in  specimens  of  this  kind,  though  some  may  be  picked 
out  in  Plate  83,  fig.  10.  The  worn  or  weathered-back  margin  of  the  crust,  as  in  Plate  83, 
fig.  6,  may  show  the  outer  concentration  of  fine  parallel  ridges  very  clearly.  The  ventral 
process  may  appear  as  a break  in  the  crust.  One  small  specimen  (PI.  83,  fig.  7)  faintly 
reveals  a system  of  radial  tubes  leading  from  the  siphuncle  into  the  vascular  system.  Like 
the  one  example  of  type  [b)  (PI.  83,  fig.  4)  which  shows  a similar  detail  it  is  preserved  in 
a dark  brown  rottenstone. 

The  supposed  relationships  of  these  various  moulds  and  their  modes  of  preservation 
are  summarized  in  text-fig.  3. 

The  size  and  eccentricity  of  the  specimens  vary  considerably.  The  data  for  the  whole 
set  of  measurable  specimens  are  given  in  text-figs.  4 (length  and  breadth)  and  5 (position 
of  siphuncle).  Moulds  of  these  kinds  are  liable  to  distortion  in  both  axial  and  lateral 
senses.  This  may  be  obvious  in  such  cases  as  that  shown  in  Plate  83,  fig.  2,  and  other 
likely  cases  appear  in  the  graphs. 

Discussion.  Flower  (1941,  p.  471)  confines  the  genus  Leurocycloceras  to  species  of 
Middle  Silurian  age.  He  observes  that  ‘The  slender  form  of  the  conch,  the  tendency  for 
the  development  of  a compressed  section  and  the  eccentricity  of  the  siphuncle  coupled 
with  a corresponding  asymmetrical  curvature  of  each  septum  so  that  the  septal  foramen 
is  at  the  point  of  greatest  septal  depth,  have  been  found  highly  useful  in  recognizing  the 
genus  among  other  associated  forms,  particularly  when  preservation  is  such  that  the 
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diagnostic  surface  features  of  the  shell  are  not  clearly  shown’.  The  material  described 
here,  in  spite  of  its  preservation,  is  appropriate  to  such  a description.  However,  in 
addition,  ‘ Internal  features  [of  Leurocycloceras]  are  typical  of  the  group  of""Orthoceras" 
brucense  (Flower  1939,  pp.  53,  56,  57),  consisting  of  moderately  developed  episeptal 
deposits,  strongly  developed  hyposeptal  deposits  and  no  siphonal  deposits.  The  con- 
necting ring  is  unknown,  and  must  have  been  either  very  poorly  calcified  or  else  alto- 
gether absent.  The  septal  necks  are  unusually  long  and  straight,  and  in  advanced  stages 


HYPOSEPTAL 

PSEUDOSEPTUM  DEPOSIT 


a b 


TEXT-FIG.  3.  Origin  and  relationship  of  various  moulds  and  counterparts.  Top  left  shows  one  camera 
with  internal  cavity  much  constricted  by  strongly  developed  hyposeptal  and  episeptal  deposits.  Top 
right  shows  isolated  cameral  mould  in  matrix,  derived  by  penetration  of  silt  into  cavity  and 
subsequent  solution  of  calcareous  shell  and  cameral  deposits.  Lower  diagrams  show  the  three  possible 
types  of  cameral  mould  (a),  (b),  and  (cj,  referred  to  in  the  text,  and  their  corresponding  counterparts. 


of  growth  may  be  entirely  enclosed  by  cameral  deposits  which  join  through  the  septal 
foramen.’  As  shown  in  text-fig.  3,  such  an  accentuation  of  the  deposits  will  produce  a 
long  and  steeply  inclined  pseudoseptum  of  the  kind  seen  in  Leurocycloceras  whitcliffense. 
Such  a pseudoseptum  is  clearly  shown  in  the  adapical  camerae  in  Flower’s  diagram  of 
O.  brucense  (Flower  1939,  p.  53,  fig.  1 1).  The  internal  cavity  in  the  earliest  camera  shown 
here  has  a degree  of  constriction  approaching  that  seen  in  L.  whilclijfense,  though  the 
siphuncle  is  shown  as  appreciably  wider  in  O.  brucense.  Secondly  the  evidence  already 
given  of  tubes  leading  from  the  siphuncle  to  the  vascular  system  on  the  surfaces  of  the 
cameral  moulds  suggests  that  the  connecting  ring  was  either  absent  or  relatively  coarsely 
perforate. 

Flower  (1941)  further  describes  such  features  in  Leurocycloceras  bucheri.  However,  it 
is  only  in  the  dolomitized  infillings  of  L.  cf.  niagarense  that  he  is  able  to  study  the  surface 


C.  H.  HOLLAND:  NAUTILOID  LEUROCYCLOCERAS  FROM  WALES  533 

details  of  the  cameral  deposits.  He  regards  some  of  the  ‘more  peculiar  features'  as 
‘probably  confined  to  the  genus’  (p.  483). 

Amongst  the  North  American  species  assigned  to  Leurocycloceras  only  these  dolomi- 
tized  cameral  moulds  of  L.  cf.  niagarense  permit  close  comparison  with  the  British 
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TEXT-FIGS.  4,  5.  4,  Length  plotted  against  breadth  for  cameral  moulds  of  Leurocycloceras  whitclijf  'ense 
from  the  Whitcliffian  of  Wales  and  the  Welsh  Borderland.  5,  Length  plotted  against  distance  (v)  from 
siphuncle  to  ventral  periphery  for  almost  identical  set  of  specimens.  In  each  figure  the  holotype  is 

indicated  by  a cross. 


material  described  here.  L.  whitclijfeme  differs  from  L.  cf.  niagarense  in  the  following 
respects : 

1.  Its  cameral  moulds  are  of  a different  general  shape,  shallower  than  those  of  L.  cf. 
niagarense  in  which  a markedly  convex  episeptal  surface  is  drawn  out  conspicuously 
towards  the  siphuncle. 

2.  Though  certain  British  specimens,  such  as  GSM  102292,  illustrated  by  Blake  (1882, 
pi.  14,  fig.  6)  and  that  shown  in  Plate  83,  fig.  4 of  this  paper,  do  show  a somewhat 
symmetrical  system  of  relatively  prominent  branches  on  the  episeptal  surface,  there 
is  no  such  relatively  regular  arrangement  of  main  radial  branches  of  the  kind  seen  on 
the  hyposeptal  surface.  L.  cf.  niagarense  has  corresponding  radial  systems  on  each 
surface. 
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3.  The  radial  tubes  of  L.  cf.  niagarense  are  more  regularly  spaced  and  run  in  relatively 
smooth  curves  which  bend  towards  the  venter  (as  defined  by  the  ventral  process). 

4.  The  radial  structures  of  L.  whitcliffense  are  simple  narrow  grooves,  whereas  those  of 
the  American  species  show  a composite  structure  of  tube  within  ridge. 

5.  There  is  no  trace  of  concentric  structures  on  the  surfaces  of  the  British  specimens, 
whereas  those  of  L.  cf.  niagarense  show  a prominent  system  of  concentric  ridges. 

Flower  (1941,  pp.  473-5)  discussed  the  possible  occurrence  of  related  species  of 
Leurocycloceras  in  Europe.  He  regarded  Barrande’s  Silurian  species  Orthoceras  sarcina- 
twn  (Barrande  1874,  p.  149;  1868,  pi.  341,  figs.  19,  20)  as  showing  ‘paired  radial  grooves 
almost  identical  with  those  shown  in  Leurocycloceras  cf.  niagarense' . However,  Bar- 
rande’s species  is  based  upon  a single  camera  and  was  given  a specific  name  because  of 
its  peculiar  surface  structure.  Leurocycloceras  sarcinatum  also  closely  resembles  the 
British  species  described  here.  Apart  from  the  apparent  absence  of  the  ventral  process, 
which  may  be  a matter  of  preservation,  it  differs  from  L.  whitclijfense  in  the  following 
respects : 

1.  The  cameral  mould  is  more  convex  than  that  of  L.  whitclijfense. 

2.  Its  radial  structures  are  shown  by  paired  parallel  lines,  indicating  a composite 
structure  closer  to  that  of  L.  cf.  niagarense  than  to  the  simple  structures  of  L. 
whitclijfense. 

Flower  also  refers  ‘the  anomalous  Orthoceras  truncatum'  Barrande  (1868,  pi.  341-3) 
to  the  genus  Leurocycloceras  ‘with  doubt’.  Here  Barrande  suggested  the  occurrence  of 
natural  truncation  of  the  shell  during  life — a phenomenon  which  requires  further  investi- 
gation. This  form  shows  a complex  morphology  apparently  involving  both  radial  and 
concentric  elements.  Whatever  its  meaning  it  clearly  has  features,  such  as  the  curious 
shapes  of  some  of  the  moulds,  not  to  be  matched  in  L.  whitclijfense. 

Blake  (1882,  p.  155),  in  his  description  of  Orthoceras  imbricatum,  notes  the  presence  of 
‘similar  veined  septal  surfaces’  in  O.  kendalense,  which  is  said  to  have  a siphuncle  ‘as 
nearly  as  possible  central’.  The  only  specimen  illustrated  (pi.  3,  figs.  13,  13a)  is  from  the 
‘Upper  Ludlow’  of  Kendal.  Its  ‘septal  surface’  shows  a system  of  lateral  markings 
which  bifurcate  once  at  about  half  or  two-thirds  of  the  distance  from  the  siphuncle  to  the 
periphery.  The  type  specimen  of  this  rather  slender  species  has  been  examined.  Its 
‘septal  surface’  is  in  fact  poorly  preserved  and  the  veins  on  it  are  not  so  clear  as  Blake’s 
figure  would  suggest.  The  position  of  the  siphuncle  is  eccentric,  but  in  the  opposite 
sense  to  that  of  L.  whitcliffense.  No  ‘septal  surfaces’  identical  with  that  of  Blake’s 
illustration  have  been  found  in  collections  from  the  Welsh  Borderland  or  Wales. 

Distribution.  Leurocycloceras  whitcliffense  occurs  widely  in  the  Whitcliffian  of  Central 
Wales  and  the  Welsh  Borderland.  Its  acme  is  in  the  lower  part  of  the  stage  and  it  is 
commoner  in  western  (basin  facies)  districts.  It  is  particularly  characteristic  of  those 
massively  bedded  siltstones  which  Holland  and  Lawson  (1963,  p.  278,  and  fig.  9)  have 
separately  differentiated  in  their  facies  distribution  map  for  the  lower  part  of  the 
Whitcliffian  Stage. 

In  the  May  Hill  inlier  Lawson  (1956,  p.  112)  records  it  as  already  ‘present’  in  the 
Lower  Longhope  Beds,  which  correlate  with  the  upper  part  of  the  preceding  Leint- 
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wardiiiian  Stage.  This  is  in  accordance  with  the  situation  previously  mentioned  that 
elements  of  the  Whitcliffian  fauna  appear  earlier  in  the  south-east. 

The  distribution  of  L.  whitclijfense  is  known  to  include  the  following  districts : Ludlow, 
Leintwardine,  Onibury,  Woolhope,  May  Hill,  Usk,  Bishop’s  Castle,  Clun  Forest 
(Kerry,  south-west  Clun,  and  Bucknell),  Knighton,  and  Presteigne.  Other  published 
records  are  not  necessarily  reliable  because  of  the  confusion  over  the  meaning  of  this 
species. 


PROBLEMS  OF  INTERPRETATION 

Nautiloid  cameral  deposits,  supposedly  secreted  within  the  chambers  of  the  shell  by 
the  tissues  of  the  living  animal,  have  been  the  subject  of  a wide  and  detailed  literature. 
A selected  list  is  given  by  Mutvei  (1956,  p.  188).  Teichert  (1933)  differentiated  between 
these  and  secondary  deposits  of  inorganic  origin  and  noted  the  importance  of  the 
organic  deposits  in  the  hydrostatic  adjustment  of  the  animal.  Flower  (1939)  developed 
the  concept  of  the  ‘ cameral  mantle  ’ of  living  tissues  within  the  chambers  but  connected 
with  the  siphuncle.  Impressions  of  vascular  structures  on  the  surfaces  of  cameral  deposits 
were  reported  (Flower  1941)  from  the  dolomitized  moulds  of  Leurocycloceras  cf. 
niagarense.  Amongst  many  other  relevant  articles  Flower  (1955u)  has  provided  a useful 
summary  of  the  morphology,  ontogeny,  and  significance  of  cameral  deposits  and  has 
attempted  to  link  this  mechanism  of  hydrostatic  adjustment  of  the  animal  to  its  mode 
of  life  (Flower  19556,  1957).  Both  Teichert  (1934)  and  Flower  (1943)  have  provided 
evidence  for  the  former  existence  of  the  cameral  mantle,  indirect  in  the  sense  that  it 
relates  to  a space  eventually  left  vacant  by  the  decay  of  the  soft  tissues  of  this  mantle  and 
only  subsequently  filled  with  calcite.  Flower  (1939,  pi.  7,  fig.  8;  pi.  9,  fig.  19)  has  de- 
scribed a specimen  in  which  calcareous  cameral  deposits  are  associated  with  calcite- 
filled  cameral  cavities,  but  there  is  a layer  adjacent  to  the  cameral  deposits  which  is 
highly  carbonaceous  and  which  is  thought  to  have  been  derived  from  the  tissues  of  the 
cameral  mantle. 

Finally,  Gregoire  (1962)  is  already  extending  his  observations  with  the  electron 
microscope  on  the  submicroscopic  structure  of  the  Nautilus  shell  to  the  examination  of 
fossil  material.  He  records  (1962,  p.  44)  observations  on  the  cameral  deposits  of  a 
Pennsylvanian  orthocone  Pseudorihoceras  knoxense,  in  which  an  intricate  association  of 
organic  and  inorganic  zones  is  of  the  kind  found  in  the  sutural  infillings  of  the  Nautilus 
shell.  In  addition  he  notes  probable  areas  of  secondary  inorganic  material  associated 
with  the  primary  cameral  deposits. 

Mutvei  (1956,  p.  188),  on  the  other  hand,  regards  all  such  interpretations  as  erroneous 
and  based  upon  an  inadequate  understanding  of  the  anatomy  of  the  modern  cephalo- 
pods.  He  regards  the  cameral  deposits  as  having  been  laid  down  secondarily  by  precipita- 
tion from  percolating  water  and  cites  such  variable  lamellar  structures  as  those  found  in 
the  genus  Lamellorthoceras. 

There  can  be  no  doubt  that  the  intricate,  but  relatively  constant,  surface  markings  of 
Leurocycloceras  whitcliffense  are  vascular  marks  of  organic  origin.  Their  mode  of 
connexion  to  the  siphuncle  provides  additional  evidence.  Once  this  point  is  accepted 
there  are  two  possibilities : firstly,  that  the  vascular  markings  are  impressions  of  living 
tissue  which  once  lay  in  contact  with  the  septal  end  of  the  living  chamber  of  the  shell; 
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secondly,  that  they  record  the  original  presence  of  living  tissue  within  the  completed 
camerae  themselves. 

At  first  sight  the  evidence  appeared  to  favour  the  former  possibility.  It  was  already 
envisaged  by  Blake  (1882,  p.  154),  who  noted  that  ‘These  structures  are  probably  not 
peculiar  to  the  present  species,  since  the  same  may  be  traced  on  the  concave  side  of  the 
septum  of  a living  Nautilus  . . .’.  Referring  in  a more  general  way  to  these  ‘vascular 
marks’  in  the  introduction  to  his  monograph  he  makes  it  clear  that  his  comparison  is 
with  the  marks  to  be  seen  in  the  last  body  chamber  of  the  modern  Nautilus.  ‘They 
represent  the  impressions  of  circulating  vessels  in  the  upper  part  of  the  mantle,  and 
ramify  from  the  neighbourhood  of  the  siphuncle,  and  bifurcate  towards  the  circum- 
ference. Since  each  septum  was  at  one  time  the  end  of  the  body-chamber,  similar  marks 
are  to  be  found  on  the  concave  side  of  each,  but  they  do  not  correspond  to  any  arteries 
in  the  septal  chambers,  which  are  not  in  connection  with  the  siphuncle  in  this  way’ 
(p.  40).  Though  not  providing  proof  of  a different  origin,  an  examination  of  such 
markings  on  the  septum  of  a modern  Nautilus  shell,  or  of  the  illustration  by  Willey 
(1902,  pi.  82,  fig.  10)  of  the  ‘paired  pallial  veins’  which  no  doubt  produced  them,  shows 
that  the  pattern  of  the  latter,  with  their  main  branch  at  each  side  and  attendant  ramifica- 
tions from  it,  is  quite  different  from  the  radial  system  of  Leurocycloceras. 

The  banded  appearance  of  the  rim  of  the  moulds  of  L.  whitcliffense  at  first  sight 
invites  comparison  with  some  of  the  muscle  impressions  illustrated  by  Mutvei  (1957) 
in  fossil  nautiloids.  There  are,  however,  several  ‘steps’  in  the  rim  and  it  shows  no  indica- 
tion of  the  expanded  lobes,  variously  but  symmetrically  disposed,  which  are  a feature  of 
the  muscular  ‘annular  elevation’. 

Thus  the  argument  leads  to  the  conclusion  that  the  vascular  markings  of  Leurocyclo- 
ceras were  actually  formed  within  the  completed  chambers  as  envisaged  by  Flower.  The 
critical  positive  evidence  is  available  if,  instead  of  the  isolated  cameral  moulds  of  L. 
whitcliffense,  we  turn  to  the  dolomitized  North  American  material  of  L.  cf.  niagarense. 
Here  (Flower  1941,  pi.  1)  several  such  moulds  of  successive  camerae  are  still  associated 
together,  and  markings  (episeptal  and  hyposeptal)  are  seen  on  both  convex  and  concave 
surfaces  of  the  moulds.  It  is  not  difficult  to  imagine  the  shell  and  calcareous  cameral 
deposits  in  their  original  positions  around  moulds  such  as  those  of  Flower’s  pi.  1,  fig.  1. 
The  surface  markings  would  then  clearly  be  present  in  both  adaptical  and  adoral 
positions  in  each  chamber. 

Objection  to  the  concept  of  secretion  within  the  chambers  appears  to  be  that  of  accept- 
ing penetration  of  the  appropriate  living  tissue  through  the  siphuncular  wall.  Flower 
(1941)  explained  the  simple  passage  of  branches  from  siphuncle  to  cameral  mantle  in 
Leurocycloceras  by  the  absence  of  the  connecting  ring  in  this  form.  Additional  evidence 
of  the  branches  from  the  siphuncle  has  been  provided  in  the  present  description  of  L. 
whitcliffense.  Flower  (1939)  considered  that  in  other  cases  the  connexion  might  be  made 
through  ‘capillary  vessels’  (p.  47)  or  by  osmosis.  That  Palaeozoic  orthoconic  nautiloids 
may  have  been  able  to  solve  their  considerable  hydrostatic  problems  by  such  a passage 
of  secretory  tissue  from  siphuncle  to  chamber  is  perhaps  more  easily  acceptable  when  it 
is  realized  that  even  in  the  living  Nautilus  the  siphuncular  wall  is  not  an  impenetrable 
barrier.  This  is  becoming  clearer  from  recent  studies  of  buoyancy  in  living  cephalopods. 
Thus  the  elegant  experimental  work  at  the  Plymouth  Laboratories  on  the  buoyancy  of 
the  cuttlefish  Sepia  (Denton  and  Gilpin-Brown  1961n,  b,  c;  Denton,  Gilpin-Brown  and 


C.  H.  HOLLAND;  NAUTILOID  LEU  RO  CYC  LO  C ERAS  FROM  WALES  537 

Howarth  1961)  has  been  projected  to  a comparison  with  the  living  Nautilus  (Denton 
1961;  Denton  and  Gilpin-Brown  196k/).  That  the  siphuncle  of  Nautilus  connects  with 
the  blood  system  of  the  animal  has  been  known  since  the  early  monographs  of  Owen 
(1832)  and  Willey  (1902),  and  the  latter  gave  detailed  cross-sections  showing  the 
histology  of  the  siphuncle.  The  epithelium  lying  against  the  siphuncular  wall  of  Nautilus 
has  now  been  compared  directly  (Denton  1961,  figs.  19,  20;  Denton  and  Gilpin-Brown 
1961(7,  fig.  9)  with  the  very  similar  epithelium  lying  on  the  siphuncular  (posterior  ventral) 
surface  of  the  cuttlebone  of  Sepia.  The  latter  epithelium  and  wall  allow  the  passage  of 
liquid  under  osmotic  control  in  and  out  of  the  cuttlebone,  which  thus  serves  as  ‘ a variable 
buoyancy  tank’.  The  same  method  thus  probably  accounts  for  the  emptying  of  the 
originally  liquid-filled,  sealed-off  chambers  of  the  nautiloid  and  perhaps  for  its  buoyancy 
control.  Bidder  (1962)  has  shown  that  recently  killed  Nautilus  has  a much  greater  volume 
of  liquid  in  the  newest  chambers.  She  notes  that  ‘The  fact  that  the  quantity  of  fluid 
changes  with  age  in  each  chamber  suggests  that  liquid  can  move  out  of,  and  possibly 
also  into,  the  chambers;  this  is  also  consistent  with  the  situation  in  Sepia.  I'he  control  of 
liquid  in  Sepia  is  through  the  “siphuncular  membrane”,  which  closes  the  chambers;  in 
Nautilus  it  must  be  through  the  siphuncle.  . . .’  ‘The  histology  of  the  siphuncular 
epithelium  closely  resembles  but  does  not  appear  to  be  exactly  the  same  as  that  of  Sepia, 
suggesting  rather  a condition  from  which  the  Sepia  membrane  could  have  evolved.  ’ 

In  fact  it  seems  not  unreasonable  to  suggest  that  the  hydrostatic  control  mechanism 
of  Nautilus  itself  evolved  from  a still  earlier  stage  in  the  Palaeozoic  forms,  when  a ‘once 
only’  secretion  of  cameral  deposits  at  appropriate  positions  in  the  shell  foreshadowed 
the  delicate  fluid  transfer  system  of  the  later  cephalopods. 

A detailed  interpretation  of  the  development  of  the  surface  impressions  of  Leuro- 
cycloceras  has  been  given  by  Flower  (1941).  Thus,  for  example,  the  ventral  process  is 
seen  as  the  first  area  of  joining  of  the  originally  discrete  episeptal  and  hyposeptal 
deposits.  These  later  begin  to  merge  from  the  whole  periphery  inwards  along  the  pseudo- 
septum. 

An  additional  diificulty  of  interpretation  in  the  case  of  Leurocycloceras  whitcliffense 
derives  from  the  persistent  occurrence  of  the  moulds  in  isolation  from  one  another. 

Blake  (1882,  p.  35)  devotes  a paragraph  of  his  introduction  to  the  phenomenon  of 
natural  truncation  of  the  shell  as  originally  observed  by  Barrande.  He  regards  the 
numerous  isolated  ‘septa’  of ' Orthoceras  imbricatum'  as  ‘most  satisfactorily  accounted 
for  if  they  were  naturally  thrown  off  one  by  one’.  If  this  was  indeed  the  case  it  would  be 
difficult  to  explain  the  apparent  absence  of  specimens  in  which  two  or  more  of  the 
chambers  (not  having  suffered  truncation)  remained  together.  Fortunately  this  difficulty 
is  overcome  when  the  isolated  ‘septa’  are  regarded  as  cameral  moulds,  relatively  widely 
spaced  peripherally  and  connected  only  through  a mould  of  the  siphuncle  (as  in  Flower 
1941,  pi.  1,  fig.  1),  and  therefore  liable  to  easy  separation.  However,  even  if  this  is  the 
case,  it  might  be  reasonable  to  expect  associated  groups  of  such  separated  moulds. 

Flower  ( 1955)  notes  that  in  orthoconic  nautiloids  with  cameral  deposits  there  are  some 
younger  (adoral)  chambers  in  which  these  deposits  have  not  formed,  and  that  this 
number  of  chambers  tends  to  be  constant  for  the  species.  It  is  possible  that  sediment  of 
the  silty  nature  of  the  typical  Whitcliffian  deposits  might  penetrate  easily  into  this 
younger  part  of  the  shell  (if  it  existed  at  all)  'm  Leurocycloceras  whitcliffense',  but  that 
penetration  back  through  the  already  filling  siphuncle  and  restricted  cavities  of  those 
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chambers  in  which  cameral  deposits  had  already  formed  was  so  difficult  that  in  general 
only  the  first  of  the  latter  produced  a cameral  mould.  Flower  (1955)  observed  that  a 
middle  part  of  the  shell  might  be  expected  to  show  immature  cameral  deposits,  while 
the  mature  deposits  occur  adapically.  It  appears  that  maturity  of  the  deposits  must  have 
been  quickly  achieved  in  L.  whitclijfense  and  perhaps  the  final  stages  in  the  adapical 
camerae  were  such  that  the  chambers  became  completely  filled,  to  the  final  obliteration 
of  the  cavity.  Such  camerae  would  not  produce  cameral  moulds  and  this  again  may 
account  for  the  scarcity  of  the  adapical  moulds.  The  views  expressed  in  this  paragraph 
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TEXT-FIG.  6.  A possible  alternative  origin  of  cameral  moulds,  a.  Three  camerae  are  shown  with 
strongly  developed  cameral  deposits  and  with  silt  infilling  the  cameral  cavities  and  siphuncle.  The 
arrows  on  the  left  indicate  points  of  weakness  of  the  shell,  b.  The  shell  is  broken  apart  on  the  sea 
floor  to  produce  calcareous  units  (two  of  which  are  illustrated)  in  which  the  cameral  mould  may  be 
present  in  the  relatively  protected  concavity  of  the  adoral  surface.  These  will  be  subsequently  covered 
by  sediment  and  the  calcareous  units  gradually  dissolved. 


are  supported  by  the  fact  that  most  cameral  moulds  of  L.  whitcliffense  lie  in  a fairly 
restricted  size  group  (length  23-0  to  35-0  mm.).  There  are  very  few  smaller  ones  (cf. 
text-figs.  4,  5). 

In  summary,  the  isolated  cameral  moulds  of  Lewocycloceras  whitclijfense  which  have 
been  described  are  the  result  of  a complex  preservational  history.  The  living  form,  in  its 
maturity,  is  to  be  regarded  as  having  had  adoral  ehambers  with  the  likely  absence  of 
cameral  deposits,  at  least  one  middle  chamber  in  which  these  deposits  were  strongly 
developed  to  the  considerable  restriction  of  the  internal  cavity,  and  adapical  chambers 
which  may  have  been  completely  choked  with  cameral  deposits.  After  death  it  is  postu- 
lated that  silty  sediment  penetrated  into  at  least  the  most  adoral  of  the  chambers  in 
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which  cameral  deposits  were  developed,  thus  forming  an  infilling  of  the  internal  cavity, 
in  replacement  of  the  decaying  soft  tissue  of  the  cameral  mantle. 

During  exposure  to  the  effects  of  solution  on  the  sea  floor  and  in  the  accumulating 
unconsolidated  layers  of  sediment,  the  calcareous  material  of  the  whole  shell  was 
gradually  dissolved.  The  slowly  compacting  silt  closed  round  the  dissolving  shell  until 
it  finally  surrounded  the  sedimentary  infillings  of  the  internal  cavities.  The  last  event 
of  the  preservational  history  was  the  splitting  of  the  so  formed  cameral  moulds  in  one 
of  the  ways  shown  in  text-fig.  3,  as  the  result  of  weathering  or  during  the  process  of 
collecting. 

Alternatively,  it  is  possible  that  the  shell  with  its  infilled  cavities,  exposed  to  current 
action  on  the  sea  floor,  broke  at  its  points  of  greatest  weakness,  that  is,  at  the  junctions 
of  pseudosepta  and  wall  as  shown  in  text-fig.  6a.  The  calcareous  units  thus  formed, 
convex  at  one  end  and  concave  at  the  other,  would  be  likely  to  retain  the  mould  of  the 
internal  cavity  within  the  protected  concave  end  (fext-fig.  6b)  until  this  was  covered  by 
more  sediment.  Later  solution  might  be  expected  to  proceed  until  the  cameral  mould 
was  completely  surrounded  by  sediment.  If  this  second  alternative  holds  then  it  is 
possible  that  the  type  of  mould  eventually  produced  (text-fig.  3)  may  be  already  in- 
fluenced at  the  stage  in  which  the  broken  shell  separated  into  units  on  the  sea  floor. 
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BMNH  C71854,  originally  collected  by  him.  My  sincere  thanks  are  due  to  Dr.  J.  T.  Temple  for  his 
critical  reading  of  the  first  draft  of  this  paper. 
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TWO  NEW  GENERA  OF  SILURIAN  PHACOPID 

TRILOBITES 

by  R.  B.  RICKARDS 


Abstract.  Delops  and  Struveria,  two  new  genera  of  trilobites,  are  defined.  Certain  species  hitherto  placed  in  the 
genus  Dalnmnites  s.l.  are  referred  to  these  genera  and  to  the  subfamily  Zeliszkellinae  Delo  1935.  The  evolutionary 
relationships  are  briefly  discussed.  The  following  are  described:  Delops  obtusicaudatus  (Salter),  D.  nobilis  iiobilis 
(Thomas),  D.  n.  marri  subsp.  nov.,  and  Struveria  howgiUensis  sp.  nov. 

The  species  Delops  obtusicaudatus  (Salter)  was  first  recorded  by  Sedgwick  (1845,  p.  446) 
as  Asaplius  caudatus.  Its  phacopid  affinities,  however,  were  quickly  appreciated  by  Salter 
(1849)  and  M'Coy  (1851)  who  described  it  respectively  as  Phacops  obtusicaudatus  and 
Phacops  (Odoutochile)  obtusicaudata.  M'Coy  (1851)  was  the  first  worker  to  figure  the 
species.  Salter,  in  his  Monograph  of  British  Trilobites  (1864),  provided  further  and  better 
figures  of  the  species  under  the  name  Phacops  {Odoutochile)  obtusicaudatus.  It  is  here 
considered  the  type  of  Delops  gen.  nov. 

At  this  time  the  only  known  locality  for  this  form  was  Coldwell  Quarry  in  the  Lake 
District  but  recordings  from  further  afield  were  later  made  by  Aveline  {in  Aveline  and 
Hughes  1872,  1888)  and  Marr  (1878).  In  this  last  paper  Marr  (pp.  883, 885)  also  recorded, 
and  briefly  described,  Phacops  obtusicaudatus,  var.  from  the  Upper  Coldwell  Beds. 
A specimen  of  this  form,  placed  by  Marr  in  the  Sedgwick  Museum,  Cambridge  (speci- 
men number  A38594),  clearly  shows  that  it  is  referable  to  Dalmanites  s.s.  Marr  (1892, 
p.  537)  recorded  P.  obtusicaudatus  from  Troutbeck  (Lake  District)  and  Helm  Knott 
Qouth  of  Sedbergh)  in  addition  to  the  type  locality.  Furthermore,  he  listed  "Phacops 
torvus  Wyatt-Edgell,  M.S.’  from  Troutbeck  and  Helm  Knott.  The  form  which  Marr 
recorded  from  Helm  Knott  as  P.  obtusicaudatus  is  conspecific  with  his  "Phacops  torvus 
Wyatt-Edgell,  M.S.’  and  the  two  are  here  considered  to  form  a new  subspecies,  Delops 
nobilis  marri. 

Thomas  (1900)  described  Phacops  {Dalmania)  nobilis  from  the  Wenlock  Shale  near 
Builth. 

Eollowing  this  date  the  Sedbergh  forms  received  mention  in  several  works.  Thus, 
from  Cautley  (north  of  Sedbergh),  Marr  (1913,  pp.  12,  17)  recorded  the  following: 
Phacops  {Dalmannites)  obtusicaudatus,  Phacops  {Dalmannitesl)  sp.  1,  and  Phacops 
{Dahnannites)  sp.  2.  These  forms  are  conspecific  and  also  belong  to  the  subspecies 
D.  nobilis  marri  subsp.  nov. 

A form  related  to  Delops  gen.  nov.  and  hitherto  overlooked  is  described  herein  as 
Struveria  howgiUensis  gen.  et  sp.  nov. 

The  writer  considers  that  Delops  and  Struveria  show  affinities  with  Zeliszkellinae  Delo 
1935.  The  glabellar  lobation  of  Struveria  is  distinctly  primitive  and  of  the  Dalmanitina 
type.  Struveria  is,  therefore,  placed  alongside  Dalmanitina  and  Eudolatites  in  the 
Dalmanitina-gxoup  of  the  Zeliszkellinae.  In  the  case  of  Delops  the  frontal  glabellar  lobe 
when  viewed  from  above  transgresses  the  anterior  cephalic  border,  a feature  common 
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in  the  Zeliszkellinae  but  absent  in  the  Dalmanitinae.  Delops,  however,  has  a peculiar 
combination  of  biocharacters,  some  of  which  are  typical  of  older  genera  and  others  of 
younger  genera,  which  make  its  systematic  emplacement  more  difficult.  The  glabellar 
lobation  in  particular  distinguishes  Delops  from  members  of  the  Dalmanitina-  and 
Zeliszkella-gxonps,  and  it  is  best  considered  as  a separate  group  within  the  Zeliszkellinae. 
By  contrast,  the  Zeliszkella-gvoup  contains  two  genera  and  the  Dalmanitina-gxovip  three. 

It  is  thought  probable  that  Delops  has  been  derived  from  a member  of  the  Dalmanitina- 
group  by  the  development  of  some  typically  Silurian  and  Devonian  phacopid  features 
and  partial  retention  of  earlier  characters. 
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Dr.  D.  Skevington  for  their  critical  reading  of  the  manuscript  and  valuable  suggestions.  I should  also 
like  to  express  my  gratitude  to  Dr.  C.  L.  Forbes  and  Mr.  A.  G.  Brighton  of  the  Sedgwick  Museum, 
Mr.  J.  D.  D.  Smith  of  the  Geological  Survey  Museum,  Dr.  W.  T.  Dean  of  the  British  Museum  (Nat. 
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Abbreviations  associated  with  catalogue  numbers  of  specimens  are  as  follows:  BM,  British  Museum 
(Nat.  Hist.);  SM,  Sedgwick  Museum;  OUM,  Oxford  University  Museum;  HUR,  Hull  University, 
Rickards  Collection. 

SYSTEMATIC  DESCRIPTIONS 

Class  TRILOBITA  Walch  1771 
Order  phacopid  a Salter  1864 
Family  dalmanitidae  Vogdes  1890 
Subfamily  zeliszkellinae  Delo  1935 
Delops-group  nov. 

Representatives.  The  group  is  monotypic. 

Differential  diagnosis.  Distinguished  from  Zeliszkella-gronp  by  the  frontal  lobe  protrud- 
ing beyond  the  cephalic  margin;  by  the  prominent  genal  spines;  by  the  relatively  large 
pygidium  and  by  the  glabellar  lobation.  The  large,  centrally  situated  eyes,  non-mucro- 
nate  pygidium,  and  large  genal  spines  distinguish  the  Delops-group  from  the  Dalmanitina- 
group  of  the  Zeliszkellinae. 

Genus  delops  gen.  nov. 

Type  species.  Phacops  obtusicaudatus  Salter  1 849. 

Other  species.  Delops  nobilis  nobilis  (Thomas)  and  D.  nobilis  marri  subsp.  nov. 

Derivation  of  name.  In  honour  of  D.  M.  Delo. 

Diagnosis.  Exoskeleton  moderately  large  and  tuberculate;  cephalon  semicircular  in  out- 
line with  prominent  genal  spines ; border  furrow  well  developed  except  anteriorly  where 
it,  and  the  margin,  is  transgressed  by  a swollen  frontal  lobe;  eyes  large,  crescentic,  close 
to  glabella  and  extending  from  3p  to  region  of  Ip  furrows;  glabella  club-shaped,  axial 
furrows  moderately  diverging.  Ip  furrows  with  traces  of  adaxial  bifurcation;  2p  furrows 
transversely  straight,  deep,  but  do  not  reach  axial  furrows,  resulting  in  fusion  of  the  2p 
and  3p  lobes ; 3p  furrows  well  defined,  straight,  diverging  anteriorly ; facial  suture  cuts 
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the  lateral  cephalic  margin  approximately  opposite  the  2p  furrows;  pygidium  in  the 
shape  of  an  obtuse-angled  isosceles  triangle,  non-mucronate,  pygorachis  strongly  con- 
vex, nine  to  thirteen  axial  rings,  six  to  nine  pygidial  pleurae;  pygidial  margin  either  entire 
or  with  slight  lateral  denticles  seen  both  on  internal  and  external  moulds;  doublure 
either  rounded  or  flat. 

Remarks.  The  peculiar  association  of  biocharacters  is  sufficient  to  distinguish  Delops 
from  other  described  genera.  Delops  almost  certainly  represents  a specialized  late  offshoot 
from  the  Dalmanitina-group.  It  differs  from  DaJmanitina  {Dalmanitina),  D.  (Chattiospis), 
and  Eudolatites  in  the  lobation  of  the  glabella.  Thus  in  D.  {Chattiaspis)  the  frontal  lobe 
is  contained  within  the  cephalic  margin,  whilst  in  D.  {Dalmanitina)  the  adaxial  bifurca- 
tion of  the  Ip  grooves  and  the  convergence  of  the  Ip  and  2p  grooves  is  more  pronounced 
than  in  Delops.  In  both  D.  {Dalmanitina)  and  Eudolatites  the  axial  furrows  widen  more 
prominently  than  in  Delops  where  they  are  slightly  re-entrant  at  the  3p  grooves.  Delops 
has  deeper  3p  furrows  than  Eudolatites  in  which  the  frontal  lobe  is  scarcely  detached 
from  the  central  area.  There  are  superficial  resemblances  to  several  other  genera,  but 
the  complete  lack  of  an  anterior  border  makes  for  easy  distinction  from  Dalmanites  and 
Odontochile,  whilst  the  pygidial  characters  are  quite  unlike  any  of  the  Dalmanitinae. 
Some  of  the  later  genera  such  as  Greenops,  Neometaeanthus,  &c.,  have  similar  posterior 
lobation  of  the  glabella  but  the  nature  of  the  frontal  lobe  in  Delops,  as  well  as  the  unusual 
pygidium,  is  sufficient  to  distinguish  it  from  these  forms. 

Delops  obtiisicaudatus  (Salter  1849) 

Plate  84,  figs.  1,  2 

1845  Asaplnis  caiidatiis  Sedgwick,  p.  446. 

1849  Phacops  obtusicaudatus  Salter,  p.  7. 

1851  Phacops  {Odontochile)  obtusi-ccuidata  Salt,  sp.;  M‘Coy  in  Sedgwick  and  M‘Coy,  p.  161, 

pi.  1g,  figs.  15,  16. 

1852  Phacops  {Odontochile)  obtusicaudatus  Salter;  Salter  in  Sedgwick  and  M‘Coy,  appendix  A, 

p.  ii. 

1864  Phacops  {Odontochile)  obtusicaudatus  Salter;  Salter,  pp.  45-46,  pi.  1,  figs.  42-45. 

Lectotype  (here  selected).  Headshield  figured  by  M‘Coy  1851,  pi.  1g,  fig.  15  and  refigured  herein  as 
Plate  84,  fig.  1.  The  specimen  is  now  housed  in  the  Sedgwick  Museum,  Cambridge,  SM  A38682. 

Horizon  and  locality  of  lectotype.  Coldwell  Beds,  Coldwell,  Westmorland. 

Dimensions  of  lectotype.  Length  of  glabella  15  mm.;  max.  width,  glabella  13  mm.,  postero-lateral 
cephalic  margin  15  mm. 

Other  material.  Specimens  in  Sedgwick  Museum,  Geological  Survey  Museum,  British  Museum  (Nat. 
Hist.). 

Horizon  and  localities.  Middle  Coldwell  Beds,  Upper  Coldwell  Beds,  Lake  District;  Coldwell  Quarry; 
west  of  Hundreds  Road,  near  Skelgill;  Troutbeck,  Westmorland;  Coniston,  Lancashire. 

Diagnosis.  Exoskeleton  moderately  large,  tuberculate,  and  with  a prominent  doublure; 
cephalon  semicircular,  anterior  border  interrupted  by  protruding  frontal  glabellar  lobe, 
genal  spines  present,  border  furrow  well  developed  except  anteriorly;  eyes  large, 
crescentic,  lensed  surface  extending  from  anterior-most  part  of  3p  lobes  to  midway 
between  2p  and  Ip  furrows;  cephalic  axial  furrows  widen  steadily  from  occipital  ring; 
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Ip,  2p,  and  3p  lobes  graduated  and  increasing  in  size  anteriorly,  2p  and  3p  lobes  fused 
abaxially  so  that  2p  furrows  do  not  reach  axial  furrows;  frontal  lobe  large,  swollen, 
protruding  beyond  anterior  cephalic  margin,  with  a posteriorly  positioned  pit;  whole 
cephalon  ornamented  with  coarse  tubercles ; pygidium  relatively  large,  well  segmented, 
pygorachis  with  eleven  to  thirteen  axial  rings,  and  pleural  regions  with  nine  pleurae; 
pygidial  margin  entire  and  doublure  rounded. 

Description.  The  cephalon  is  approximately  semicircular  in  outline,  moderately  convex, 
and  has  free  cheeks  which  slope  steeply  to  the  prominent  border. 

The  genal  spines  are  relatively  short,  reaching  a length  equal  to  about  half  that  of  the 
glabella.  Both  the  cephalic  margin  and  the  border  furrow  are  transgressed  by  the  frontal 
lobe  of  the  glabella,  but  otherwise  the  border  is  a distinctive  feature  and  is  ornamented 
by  the  same  kind  of  large  tubercles  as  the  rest  of  the  cephalon.  Details  of  these  tubercles 
are  not  easily  ascertained  since  they  are  usually  ‘streaked  out’.  The  eyes  are  large  and 
similar  to  those  in  Dalmaniles  but  are  not  as  centrally  situated  on  the  cheeks  and  are 
positioned  rather  more  anteriorly.  The  posterior  branch  of  the  facial  suture  is  directed 
towards  the  lateral  cephalic  margin  which  it  cuts  at  a level  midway  between  the  2p  and 
3p  furrows. 

A distinctive  feature  of  D.  obtusicaudatus  is  the  glabellar  lobation.  Owing  to  com- 
pression the  fusion  of  the  2p  and  3p  lobes  is  only  occasionally  seen,  but  the  gradation 
in  size  from  the  Ip  to  3p  lobes  is  always  discernible.  The  Ip  and  2p  lobes  are  quad- 
rangular and  the  3p  lobes  triangular.  The  3p  furrows  diverge  anteriorly  and  bound  the 
swollen  frontal  lobe.  In  most  of  the  specimens  examined  the  frontal  lobe  just  transgresses 
the  frontal  cephalic  margin  but  the  nature  of  preservation  often  makes  it  difficult  to 
assess  the  part  played  by  distortion.  The  frontal  lobe  is  collapsed  in  several  instances, 
and  in  some  of  these  cases  the  anterior  cephalic  margin  is  visible  from  above. 

Thoracic  segments  have  not  been  seen. 

The  pygidium  is  relatively  large,  has  eleven  to  thirteen  rings  on  the  pygorachis,  and 
about  nine  pleurae  in  each  of  the  pygidial  pleural  fields.  Both  pleural  and  interpleural 
furrows  are  well  developed.  An  important  feature  of  the  pygidium  is  the  entire  margin 
and  rounded  doublure  (see  PI.  84,  figs.  2a,  b).  At  the  anterior  end  the  pygorachis  is 
approximately  one-third  of  the  total  width  of  the  pygidium,  and  its  posterior  extremity 
reaches  to  the  margin.  None  of  the  specimens  examined  show  any  signs  of  tuberculation 


EXPLANATION  OF  PLATE  84 

All  specimens  whitened  with  magnesium  oxide  and  all  except  fig.  2 illuminated  from  top  left. 

Figs.  1-2.  Delops  obtusicaudatus  (Salter),  Coldwell  Beds,  Coldwell,  Westmorland.  1,  Lectotype,  SM 
A38682,  internal  mould  of  incomplete  cephalon,  figured  by  M‘Coy  (1851),  pi.  1g,  fig.  15,  x2|-. 
la,  BM  In55901,  latex  cast  of  external  mould  of  small,  compressed  pygidium,  showing  narrow 
border,  illumination  from  top  right,  X2L  lb,  BM  In55901,  latex  cast  of  external  mould  of 
doublure  showing  broad  and  rounded  nature,  illuminated  from  top  right,  x 2|. 

Figs.  3-7.  Delops  uobilis  marri  subsp.  nov.  3,  Holotype,  HUR/1  D/384,  internal  mould  of  almost 
undistorted  cephalon,  Cautley,  NW.  Yorkshire,  X2|.  4,  Paratype,  SM  A38678,  Helm  Knott,  near 
Sedbergh,  NW.  Yorkshire;  internal  mould  of  well-preserved  cephalon,  X2^.  5,  Paratype, 
HUR/lD/6,  Cautley,  NW.  Yorkshire;  internal  mould  of  part  of  cephalon  showing  glabellar 
lobation,  X2|.  6,  Paratype,  HUR/lD/177,  Cautley,  NW.  Yorkshire;  latex  cast  of  external  mould 
of  pygidium,  X 2-1.  7,  Paratype,  HUR/1D/I77a,  Cautley,  NW.  Yorkshire;  internal  mould  of  almost 
complete  pygidium,  X 2 J. 
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upon  either  internal  or  external  moulds  of  the  pygidium  and  may  be  contrasted  in  this 
respect  with  the  cephalon  which,  in  spite  of  its  generally  poor  preservation,  shows  the 
tubercles.  This  suggests  that  lack  of  tubercles  on  the  pygidium  is  not  merely  a result  of 
their  obliteration  by  compression.  There  are  nine  pygidial  pleurae  of  which  the  anterior- 
most  five  closely  correspond  to  the  rings  on  the  pygorachis.  Both  the  pleural  and  inter- 
pleural furrows  are  well  developed  and  extend  to  the  narrow  border  of  the  pygidium. 

Remarks.  D.  obtusicaudatus  does  not  seem  to  occur  outside  the  Lake  District,  and  the 
headshields  obtained  from  Coldwell,  &c.,  and  contained  in  the  various  museums,  are  not 
well  preserved.  Nevertheless,  the  general  pattern  of  a coarsely  tuberculate  semicircular 
cephalon  can  usually  be  ascertained  and  in  occasional  better-preserved  specimens  the 
nature  of  the  various  biocharacters  can  be  seen. 

The  specimen  originally  figured  by  M‘Coy  (1851,  pi.  1g,  fig.  15),  and  designated  here 
as  the  lectotype,  was  not  included  by  Salter  in  his  1873  catalogue  of  the  fossils  contained 
in  the  then  Cambridge  Museum.  As  a result  the  fossil  was  missing  for  many  years  and  in 
fact  was  only  found  by  Dr.  Forbes  and  the  writer  in  1963.  The  pygidium  figured  at  the 
same  time  as  the  headshield  could  not  be  found  and  it  may  be  either  a composite  drawing 
or  an  idealized  drawing. 

Delops  nobilis  nobiJis  (Thomas) 

Plate  85,  figs.  7,  10 

1900  Phacops  (Dalmania)  nobilis  Thomas,  pp.  617-18,  pi.  34,  figs.  1-3. 

Holotype.  The  specimen  figured  by  Thomas  (1900),  pi.  34,  fig.  1,  now  housed  in  the  Oxford  University 
Museum,  specimen  number  C24-25,  and  refigured  herein  as  Plate  85,  figs.  7 and  10;  internal  and 
external  moulds  of  almost  complete  specimen. 

Dimensions  of  holotype.  Length  of  glabella  25  mm. ; approximate  width  of  cephalon  38  mm. 

Horizon  and  locality  of  holotype.  Wenlock  Shales,  1 mile  east  of  Builth,  150  yards  from  bank  of  R.  Wye. 
Other  material.  Specimens  in  the  University  Museum,  Oxford. 

Diagnosis.  Exoskeleton  moderately  large,  tuberculate,  and  with  a prominent,  rounded 
doublure;  cephalon  semicircular,  anterior  border  interrupted  by  protruding  frontal 
glabellar  lobe,  border  furrow  well  developed  except  anteriorly;  eyes  large,  crescentic, 
extending  from  top  of  3p  lobes  to  midway  between  Ip  furrows  and  occipital  furrow; 
cephalic  axial  furrows  widen  steadily  to  top  of  3p  lobes  and  then  widen  more  rapidly 
to  produce  a club-shaped  glabella;  Ip,  2p,  and  3p  lobes  graduated  and  increasing  in 
size  anteriorly,  2p  and  3p  lobes  abaxially  fused  so  that  2p  furrows  do  not  reach  axial 
furrows ; frontal  lobe  large,  swollen,  protruding  beyond  anterior  cephalic  margin,  with 
a posteriorly  positioned  pit;  whole  cephalon  ornamented  with  coarse  tubercles  elongated 
parallel  to  length  of  fossil;  pygidium  well  segmented,  pygorachis  with  nine  to  eleven 
axial  rings;  pygidial  margin  showing  faint  tendency  to  denticulation  of  the  anterior- 
most  segment. 

Description.  This  species  was  thoroughly  described  and  reconstructed  by  Thomas  and 
it  remains  only  to  note  that  the  2p  furrows  do  not  extend  to  the  axial  furrows  as  depicted 
by  him  (pi.  34,  fig.  3).  This  interpretation  is  clearly  based  upon  the  holotype,  which  has 
the  2p  furrow  crushed.  Other  specimens  contained  in  the  University  Museum,  Oxford 
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(e.g.  C558),  show  the  deep  2p  furrows  typical  of  Delops  which  fade  out  before  the  axial 
furrows  are  reached.  Finally,  the  pygidia  examined  by  the  writer  show  a slight  denticu- 
lation  of  the  anterior-most  pleural  segment  of  the  pygidium. 

Remarks.  Delops  uobilis  nobilis  differs  from  D.  obtusieaudatus  mainly  on  the  characters 
of  the  pygidium,  which  in  the  case  of  the  former  species  has  fewer  axial  rings,  a denticula- 
tion  of  the  margin,  and  numerous  tubercles  similar  to  those  on  the  rest  of  the  exoskeleton. 

Delops  nobilis  marri  subsp.  nov. 

Plate  84,  figs.  3-7;  Plate  85,  figs.  8,  9;  text-fig.  \a 

1892  Phacops  torvus  Wyatt-Edgell,  M.S.;  Marr,  p.  537. 

71911  Phacops  obtusieaudatus  Watney  and  Welch,  pp.  217,  223,  227,  228,  234. 

1913  Phacops  (£>.)  obtusieaudatus  Marr,  pp.  12,  17. 

1913  Phacops  (DedmannitesT)  sp.  1,  Marr,  p.  17. 

1913  Phacops  (Dalmannites)  sp.  2,  Marr,  p.  17. 

Holotype.  HUR/lD/384,  the  headshield  figured  on  Plate  84,  fig.  3,  internal  mould  of  almost  complete 
cephalon. 

Dimensions  of  holotype.  Width  of  cephalon  35  mm.;  length  of  glabella  19  mm.;  max.  width  of  glabella 
16  mm. 

Horizon  and  locality  of  holotype.  Basal  Ludlow  limestone,  Zone  of  nilssoni-scanicus,  Bluecaster. 

Horizon.  Rare  in  the  top  few  feet  of  the  Brathay  Flags  (Wenlock  Series)  and  common  in  the  bipartite 
limestone  immediately  overlying  the  Brathay  Flags;  rare  in  the  Upper  and  Middle  Coldwell  Beds  of 
the  Lake  District. 

Localities.  Bluecaster,  and  mouth  of  Backside  Beck,  Cautley,  north  of  Sedbergh;  Troutbeck,  Westmor- 
land. 

Material.  Over  100  specimens. 

Diagnosis.  Exoskeleton  moderately  large  with  a flattened  doublure;  cephalon  semi- 
circular, anterior  border  interrupted  by  protruding  frontal  glabellar  lobe ; genal  spines 
long  and  robust;  border  furrow  well  developed  except  anteriorly;  occipital  ring  with 
mesial  tubercle;  eyes  large,  crescentic,  extending  from  top  of  3p  lobes  to  Ip  grooves; 
cephalic  axial  furrows  widen  steadily  from  occipital  ring;  Ip,  2p,  and  3p  lobes  graduated 


EXPLANATION  OF  PLATE  85 

All  specimens  whitened  with  magnesium  oxide. 

Figs.  1-6.  Struveria  howgillensis  now.  Cautley,  NW.  Yorkshire.  1,  Holotype,  HUR/1  D/260,  latex 
cast  of  external  mould,  X 2L  2,  Paratype,  HUR/lD/1,  latex  cast  of  external  mould  showing  frontal 
cephalic  margin,  X 2|-.  3,  Paratype,  HUR/lD/208,  internal  mould  of  headshield  of  young  specimen, 
x2f.  4,  Paratype,  HUR/1D/161«,  internal  mould  of  somewhat  flattened  pygidium,  x2J.  5, 
Paratype,  HUR/lD/383,  almost  undistorted  pygidium,  internal  mould,  x2h  6,  Paratype, 
HUR/1  D/197,  internal  mould  of  small,  compressed  pygidium,  X2|. 

Figs.  7,  10.  Delops  nobilis  nobilis  (Thomas).  1 mile  east  of  Builth.  7,  Holotype,  OUM  C25,  latex  cast 
of  external  mould  of  almost  complete  well-preserved  specimen,  xl.  10,  Holotype,  OUM  C24, 
counterpart  of  OUM  C25,  internal  mould  of  part  of  thorax  and  cephalon,  X 1. 

Figs.  8,  9.  Delops  nobilis  marri  subsp.  nov.  Cautley,  NW.  Yorkshire.  8,  Paratype,  HUR/lD/19, 
internal  mould  of  small  cephalon,  X2|.  9,  Paratype,  HUR/lD/7,  latex  cast  of  external  mould  of 
glabella  of  a young  specimen  showing  nature  of  tuberculation,  x 2|. 
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and  increasing  in  size  anteriorly,  2p  and  3p  lobes  fused  abaxially  so  that  2p  furrows  do 
not  reach  axial  furrows;  frontal  lobe  large,  swollen,  protruding  beyond  the  cephalic 
margin,  and  having  a posteriorly  positioned  pit;  whole  cephalon  ornamented  with  large 
tubercles  interspaced  with  more  numerous  smaller  ones;  pygidium  tuberculate,  pygo- 
rachis  with  nine  to  ten  axial  rings  and  pleural  regions  with  six  to  eight  pleurae ; pygidium 
margin  showing  at  least  three  lateral  denticles,  doublure  flat;  hypostome  tuberculate, 
with  three  denticles  along  posterior  margin,  anterior  wings  and  maculae  similar  to 
Chattiaspis. 


TEXT-FIG.  1.  a.  Delops  nobilis  mani  gen.  et  subsp.  nov.;  reconstruction  of  cephalon,  approx.  X 1-5. 
b,  Striiveria  howgilleiisis  gen.  et  sp.  nov.;  reconstruction  of  cephalon,  approx.  X 1-5. 

Description.  In  all  its  biocharacters  the  subspecies  marri  differs  only  in  relative  propor- 
tions from  the  type  subspecies.  The  cephalon  is  of  similar  shape  and  size  but  the  eyes  are 
situated  rather  more  anteriorly  than  in  nobilis  s.s.  and  extend  from  the  top  of  the  3p 
lobes  to  the  level  of  the  Ip  furrows.  In  nobilis  s.s.  the  frontal  lobe  is  more  swollen  than 
in  marri  and  thus  the  axial  furrows  widen  steadily  in  the  latter,  but  the  rate  of  widening 
increases  suddenly  after  the  3p  lobes  in  the  former.  The  tubercles  are  rounded  and  not 
elongated  parallel  to  the  axis  as  in  the  case  of  the  type  subspecies. 

The  pygidium  has  nine  or  ten  axial  rings  but  no  specimens  have  been  found  having 
eleven  axial  rings.  In  the  cases  of  those  specimens  with  eight  pygidial  pleurae  the 
anterior-most  five  correspond  with  axial  rings.  The  interpleural  furrows  reach  the 
pygidial  margin  whilst  the  pleural  furrows  reach  only  three-quarters  of  the  way  to 
the  margin.  The  denticulation  of  the  anterior  pygidial  margin  is  a distinctive  feature  of 
the  subspecies,  there  being  three  distinct  denticles  and  other  less  distinct  ones  pos- 
teriorly. As  in  nobilis  s.s.  the  doublure  is  broad  but  in  marri  it  is  flat  and  not  rounded. 

Remarks.  The  headshields  and  pygidia  from  the  Howgill  Fells  described  here  as  D.  n. 
marri  are  regarded  as  conspecific  on  the  grounds  of  identical  ornamentation  and 
association,  in  the  absence  of  other  ornamented  forms.  Marr  (1913)  recorded  P.  obtusi- 
caudatus  from  the  same  beds  but  all  the  specimens  collected  by  the  writer,  together  with 
those  examined  in  museum  collections,  show  that  only  one  tuberculate  phacopid  occurs 
at  this  horizon  in  the  Howgill  Fells.  The  forms  listed  by  Marr  (1892,  pp.  537,  538)  as 
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Phacops  torvus  (respectively  SM  A38617  and  A38596)  are  conspecific  with  his  speci- 
mens briefly  described  as  P.  (Dalmaimitesl)  sp.  1 and  P.  (Dalinannites)  sp.  2 (Marr  1913, 
p.  17)  and  which  are  now  contained  in  the  Sedgwick  Museum,  Cambridge  (respectively 
numbers  A38995a-Z?  and  A38996).  The  Sedgwick  Museum  specimens  show,  therefore, 
that  D.  n.  marri  occurs  in  the  Troutbeck  area  as  well  as  in  the  Howgill  Fells.  Of  P.  (Dal- 
mannites)  sp.  2 Marr  wrote:  ‘A  form  was  recorded  by  me  from  the  Obtusicaudatus  Beds 
of  Lakeland,  under  the  name  Ph.  torvus  Wyatt-Edgell.  This  form  is  common  at  Narth- 
waite.  I cannot  find  the  specimen  of  Ph.  torvus  of  Wyatt-Edgell  which  led  me  to  make 
this  identification.’  In  view  of  this  doubt  concerning  the  nature  of  Wyatt-Edgell’s  original 
specimen  it  is  better  to  adopt  a different  specific  name  and  for  this  reason  marri  is  used 
here.  D.  n.  marri  differs  from  D.  obtusicaudatus  mainly  in  the  characters  of  the  pygidium. 
In  the  former  case  the  pygidium  has  a denticulate  margin,  a broad,  but  flat  doublure, 
and  only  nine  to  ten  axial  rings  on  the  pygorachis,  whilst  the  latter  has  an  entire  pygidial 
margin,  a broad,  rounded  doublure,  and  eleven  to  thirteen  axial  rings  on  the  pygorachis. 
D.  n.  marri  is  the  form  from  Sedbergh  usually  listed  as  P.  obtusicaudatus,h\x\2iS  has  been 
shown  it  differs  from  this  species  and  has  closer  affinities  with  P.  nobilis  Thomas. 

All  the  forms  of  Delops  described  in  this  work  are  found  in  impure  limestones.  D.  n. 
marri  is  absent,  in  the  Howgill  Fells,  from  the  graptolitic  mudstones  immediately  above 
and  below,  except  at  one  locality  where  these  are  unusually  calcareous  and  where 
a single  specimen  has  been  obtained.  By  contrast,  the  subspecies  is  extremely  abundant 
in  the  basal  limestones  of  the  Ludlow  Series  (uilssoni-scauicus  Zone)  where  it  occurs 
with  Struveria  howgillensis,  Miraspis  sp.,  Decoroproetus  sp.,  and  Encrinurus  sp. 

Dalmanitina-gxoxLp 
Genus  Struveria  gen.  nov. 

Type  and  only  known  species.  Struveria  howgillensis  sp.  nov. 

Derivation  of  name.  In  honour  of  W.  Struve. 

Diagnosis.  Cephalon  semicircular,  genal  spines  long  and  robust ; border  furrow  distinct 
but  unlike  cephalic  margin  does  not  pass  in  front  of  frontal  glabellar  lobe ; eyes  large  and 
positioned  near  the  antero-lateral  border  furrow;  posterior  branch  of  facial  suture  cuts 
lateral  cephalic  margin  opposite  2p  furrows,  and  anterior  portion  can  be  seen  passing 
round  front  of  glabella  in  suitably  preserved  specimens ; glabellar  lobation  very  similar 
to  Dalmanitina  (Dalmanitina),  D.  (Chattiaspis)  and  Eudolatites  with  Ip  furrows  adaxially 
bifurcating;  Ip  and  2p  furrows  converge  towards  axial  furrows;  axial  furrows  only 
slightly  divergent  until  2p  furrows  reached  when  they  flare  suddenly  to  produce  a club- 
shaped  glabella;  Ip  and  2p  lobes  of  similar  size  but  3p  lobes  much  larger  and  frontal 
lobe  dominant,  but  not  transgressing  anterior  cephalic  margin;  pygidium  relatively 
large,  moderately  convex,  very  similar  to  Eudolatites,  margin  entire,  non-mucronate; 
nine  to  ten  ( ? eleven)  axial  rings  on  pygorachis,  seven  or  eight  pygidial  pleurae. 

Remarks.  From  Dalmanites  and  Odontochile,  Struveria  can  be  distinguished  on  the 
characters  of  both  the  pygidium  and  cephalon.  It  lacks  the  ornate  cephalic  features  of 
the  other  genera  in  the  Dalmanitinae.  Struveria  differs  from  Dalmanitina  {Dalmanitina) 
in  having  larger  eyes,  a non-mucronate  pygidium  and  in  having  the  whole  of  its  frontal 
lobe  contained  within  the  cephalic  margin.  The  glabella  of  Dalmanitina  {Chattiaspis)  is 
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not  club-shaped  and  the  pygidium  is  mucronate.  The  pygidium  of  Struveria  is  very 
similar  in  appearance  to  that  of  Eudolatites  but  has  a smaller  number  of  axial  rings  and 
pleural  segments.  The  glabellae  of  the  two  genera  are  also  similar  in  general  shape  but 
the  frontal  lobe  of  Eudolatites  transgresses  the  anterior  cephalic  margin.  In  spite  of  these 
differences  the  writer  considers  that  Eudolatites  Delo  is  the  closest  genus.  If  there  is  a 
tendency  in  later  representatives  of  the  Dalmanitidae  to  enclose  the  frontal  lobe  within 
the  anterior  border  of  the  cephalon  then  it  is  conceivable  that  Struveria  has  evolved  from 
Eudolatites,  which  ranges  from  the  Ordovician  to  ? Middle  Silurian.  Such  a change  would 
also  involve  a fall  in  the  number  of  pygorachial  segments  from  a minimum  of  eleven 
(in  Eudolatites)  to  nine  or  ten. 

Struveria  howgillensis  gen.  et  sp.  nov. 

Plate  85,  figs.  1-6;  text-fig.  \h 

Holotype.  HUR/lD/260  and  260a,  internal  and  external  moulds  of  almost  complete  cephalon;  latex 
cast  of  external  mould  figured  (PI.  85,  fig.  1). 

Dimensions  of  holotype.  Width  of  cephalon  30  mm.;  length  of  glabella  13  mm.;  max.  width  of  glabella 
15  mm. 

Horizon  of  holotype.  Basal  Ludlow  limestone.  Zone  of  nilssoni-scanicus. 

Locality.  Bluecaster,  Cautley. 

Material.  Over  100  headshields  and  pygidia. 

Horizon  and  localities.  Restricted  to  the  bipartite  basal  Ludlow  limestone.  Zone  of  nilssoni-scanicus', 
Bluecaster;  mouth  of  Backside  Beck;  north  of  Sedbergh. 

Diagnosis.  As  for  genus. 

Description.  The  cephalic  outline  varies  somewhat  with  the  direction  of  compression  but 
is  approximately  semicircular,  with  prominent  genal  spines  which  are  only  occasionally 
longer  than  the  glabella.  Immediately  in  front  of  the  glabella  the  border  is  extremely 
narrow  and  only  rarely  can  the  facial  suture  be  traced  in  this  region  (PI.  85,  fig.  2).  Large 
crescentic  eyes  and  palpebral  lobes  dominate  the  cheeks.  The  eyes  extend  from  the  most 
anterior  point  of  the  3p  lobes  almost  down  to  the  level  of  the  Ip  furrows,  whilst  the  pos- 
terior branch  of  the  facial  suture  extends  in  an  anterior  direction  along  the  base  of  the 
sub-vertical  lensed  surface  of  the  eye  to  a point  level  with  the  2p  furrows,  and  then  curves 
outwards  in  an  anteriorly  convex  curve  to  cut  the  lateral  margin  of  the  cephalon  almost 
opposite  the  2p  furrows. 

The  axial  furrows  diverge  only  slightly  from  the  occipital  groove  to  the  2p  furrows 
but  then  diverge  strongly,  bounding  a swollen  frontal  lobe,  and  giving  the  whole 
glabella  a club-shaped  appearance.  Adaxial  bifurcation  of  the  Ip  grooves  is  shown  by 
most  of  the  specimens  and  in  some  instances  is  accentuated  by  compression  (PI.  85, 
fig.  1).  A more  typical  instance  is  shown  by  the  specimen  figured  on  Plate  85,  fig.  3. 
Convergence  of  the  Ip  and  2p  furrows  is  usually  detectable  (PI.  85,  figs.  1-3).  The  3p 
furrows  are  not  straight  but  convex  posteriorly,  thus  giving  a subtriangular  shape  to  the 
3p  lobes.  The  sharp  contrast  in  size  between  the  3p  lobes  on  the  one  hand,  and  the  Ip 
and  2p  lobes  on  the  other,  also  serves  to  distinguish  S.  howgillensis  from  species 
included  in  the  Dalmanitinae.  The  frontal  lobe  is  transversely  elliptical  in  outline.  In 
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neither  transverse  nor  sagittal  sections  is  it  strongly  convex,  whilst  most  specimens  show 
a shallow  pit  situated  on  the  sagittal  line  in  a posterior  position.  The  occipital  ring  is  of 
the  same  convexity  as  the  glabella  except  for  the  presence  of  a mesial  tubercle. 

Only  fragments  of  thoracic  segments  have  been  found  in  association  with  the  head- 
shields  and  pygidia  and  they  are  not  sufficiently  well  preserved  to  warrant  description. 

The  pygidium  is  relatively  large  with  an  entire  margin  completely  devoid  of  spines  or 
protuberances  whilst  the  broad  pygorachis  does  not  reach  the  posterior  margin.  Nine 
or  ten  axial  rings  are  usually  present  and  possibly  eleven  in  some  specimens.  At  its  widest 
point  the  pygorachis  occupies  fractionally  less  than  one-third  of  the  maximum  width 
of  the  pygidium.  Seven  or  eight  pleurae  are  developed,  each  with  a distinct  pleural 
groove  which,  however,  does  not  reach  as  far  towards  the  border  as  the  interpleural 
furrows.  The  interpleural  furrows  reach  the  pygidial  margin. 

Hypostomata  obtained  in  association  with  S.  howgillensis  are  similar  to  the  hypostome 
of  Chaltiaspis  except  that  three  posterior  denticles  are  developed. 

Remarks.  The  club-shaped  glabella  and  slight  convergence  of  the  Ip  and  2p  furrows 
are  features  typical  of  the  Dalmanitma-grovep  of  the  Zeliszkellinae.  The  whole  appearance 
of  the  pygidium,  and  particularly  of  the  axis,  is  reminiscent  of  some  species  of  Dalmanites, 
but  is  distinct  in  having  fewer  axial  rings  and  more  pygopleurae.  S.  howgillensis  is  a 
more  common  fossil  than  D.  nobilis  marri,  which  occurs  at  the  same  horizon,  but  unlike 
this  latter  species  has  not  been  obtained  from  the  Wenlock  Series. 

EVOLUTIONARY  NOTES 

Thomas  (1900)  records  D.  n.  nobilis  from  the  Wenlock  Shales  of  Builth  and  the  speci- 
mens contained  in  the  Oxford  Museum  are  labelled  ‘ 1 ml.  E.  of  Builth,  150  yards  from 
bank  of  Wye’.  This  locality  is  almost  certainly  in  the  Wenlock  Shales  and  may  be  in  the 
Zone  of  C.  hmdgreni  (Elies  1900,  fig.  4,  p.  385).  D.  n.  marri  first  appears  rarely  in  the 
top  few  feet  of  the  Wenlock  Series  in  beds  yielding  Monograptus  flemingii  (Salter)  (com- 
mon), M.  pseudodubius  Boucek  and  Gothograplus  nassa  (Wood).  It  is,  however,  extremely 
common  at  the  base  of  the  Ludlow  Series  where  it  occurs  in  two  thin,  impure  limestones 
separated  by  a 4-foot  thick  bed  of  non-calcareous  graptolitic  mudstone. 

The  graptolitic  mudstone  yields  the  following  fauna,  which  is  indicative  of  the  nilssoni- 
scanicus  Zone:  Monograptus  nilssoni  (Barrande),  M.  scanicus  Tullberg,  M.  chimaera 
(Barrande),  M.  c.  salweyi  (Lapworth),  M.  colonus  compactus  Wood,  M.  varians  Wood, 
M.  vicinus  Perner. 

Thus,  whilst  D.  n.  nobilis  and  D.  n.  marri  are  separated  geographically,  the  latter  also 
occurs  at  a higher  stratigraphical  level.  In  view  of  the  similarities  between  the  two  forms 
it  is  likely  that  marri  has  evolved  directly  from  nobilis  by  an  increase  in  the  denticulation 
of  the  pygidial  margin  from  slightly  denticulate  to  prominently  so,  and  by  a change  in 
shape  of  the  doublure. 

The  exact  relationship  of  D.  oblusicaudatus  to  D.  nobilis  is  not  certain.  If  there  is  a 
tendency  to  increased  denticulation  of  the  pygidial  margin  then  the  former  species  may 
represent  a survival  into  the  Ludlow  Series  of  the  root  stock  from  which  D.  nobilis  sprang 
and  in  which  basic  changes  are  taking  place  in  the  pygidia. 

Struve  (1959,  p.  0475)  considers  that  ‘with  little  doubt  the  Dalmanitinae  are  descen- 
dants of  the  Dalmanitina-gxovLg)  the  Zeliszkellinae’.  If  this  is  the  case  there  has  been 
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a change  in  the  size  and  position  of  the  eyes,  a tendency  to  enclose  the  frontal  lobe  of  the 
glabella  within  the  cephalic  margin,  an  increase  in  the  size  of  the  genal  spines  and  a modi- 
fication of  the  glabellar  furrows.  The  Delops-gvou^^  may  be  regarded  as  a descendant  of 
the  Dalmanitina-gxowp  in  which  only  a few  of  these  tendencies  have  become  manifested. 
Thus  whilst  the  Ip  furrows  retain  traces  of  the  adaxial  bifurcation  typical  of  members  of 
the  Zeliszkellinae,  the  2p  furrows  have  become  modified  and  do  not  reach  the  axial 
furrows.  Similarly  the  frontal  lobe  protrudes  beyond  the  anterior  border,  but  the  eyes 
have  become  large  and  have  moved  away  from  the  anterior  border  furrow  to  a more 
central  position. 

Struveria  is  a later  representative  of  the  Dalmanitina-group  reflecting  the  same  tenden- 
cies which  resulted  in  Delops  but  to  a degree  which  merits  its  retention  in  the  Dalmani- 
//■/7<7-group.  Thus  both  the  eyes  and  genal  spines  are  large  and  more  typical  of  the 
Dalmanitinae  but  in  other  and  more  fundamental  characters,  such  as  glabellar  lobation, 
the  genus  is  typically  zeliszkellinid. 
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PERIODICITY  IN  DEVONIAN  CORAL  GROWTH 

by  COLIN  T.  SCRUTTON 


Abstract.  Fine  growth-ridges  on  Middle  Devonian  rugose  corals  are  seen  to  be  grouped  into  regular  bands  of 
about  thirty  ridges  up  the  length  of  the  epitheca.  Several  hypotheses  on  the  origin  of  these  bands  are  discussed. 
It  is  concluded  that  the  banding  is  most  probably  related  to  a lunar  breeding  periodicity  and  that  the  Middle 
Devonian  year  contained  13  lunar  months  each  of  days. 

Fine  growth-ridges,  of  the  order  of  200  per  cm.,  are  to  be  seen  on  the  surface  of  well 
preserved  coral  epithecae  (PL  86).  These  features  have  also  been  termed  ‘striae’  or 
‘growth-lines’,  but  ‘growth-ridges’  is  favoured  here  as  the  most  appropriate  descriptive 
term.  Wells  (1963)  considers  that  these  ridges  represent  diurnal  increments  of  growth 
and  discusses  the  evidence  in  support  of  this  theory.  By  counting  the  ridges  between 
annual  growth-rings  on  fossil  corals  from  the  Devonian  he  obtained  estimates  for  the 
number  of  days  in  the  Devonian  year,  comparable  with  estimates  for  the  same  period 
based  on  astronomical  data. 

With  the  object  of  testing  independently  the  results  obtained  by  Wells,  Dr.  M.  R. 
House  provided  some  excellently  preserved  rugose  corals  from  his  personal  collection 
for  examination.  The  specimens,  which  represent  several  different  genera  (see  Table  I), 
are  from  the  Potter  Farm  Formation  and  Bell  Shale  of  the  Middle  Devonian  in  Michi- 
gan, and  from  the  Upper  Couvinian  south  of  Trois  Fontaines  in  Belgium,  now  all 
deposited  in  the  Oxford  University  Museum  collections.  Also  described  in  this  paper 
is  a specimen  from  the  Hamilton  Formation,  Middle  Devonian  of  Ontario,  Canada, 
kindly  loaned  by  the  British  Museum  (Natural  History). 

Whilst  it  was  found  impossible  to  recognize  yearly  annulations  on  the  material  exa- ' 
mined,  it  soon  appeared  that  coral  epithecae  show  a regular  grouping  of  the  basic 
growth-ridges  along  their  length  of  much  shorter  period  than  a yearly  increment.  This 
grouping,  briefly  mentioned  by  Wells  (1937,  p.  17),  is  described  below  and  its  significance 
tentatively  discussed. 

In  referring  to  these  specimens  the  following  abbreviations  are  used;  OUM,  Oxford 
University  Museum;  BM,  British  Museum  (Natural  History). 

EPITHECAL  CONFIGURATION 

The  epitheca  can  yield  information  on  several  aspects  of  a coral’s  life-history.  Apart 
from  the  features  which  form  the  basis  of  this  paper,  the  epitheca  reflects  some  of  the 
disturbances  suffered  by  the  polyp  during  life.  These  have  an  important  secondary  effect 
on  the  usefulness  of  the  specimen  for  investigations  of  the  growth-ridges.  Very  few  corals 
are  well  enough  preserved  for  the  ridges  to  be  seen  in  the  first  place,  and  of  these,  it  is 
often  only  part  of  the  epitheca  that  is  suitable  for  their  study. 

Basically  the  epitheca  shows  a continuous  vertical  succession  of  very  fine  ridges, 
usually  encircling  the  coral  and  representing  successive  units  of  growth.  Each  growth- 
ridge,  in  fact,  represents  the  lip  of  a former  calyx.  Occasionally  a specimen  may  show 

[Palaeontology,  Vol.  7,  Part  4,  1964,  pp.  552-8,  pis.  86-87.] 
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where  a chip  in  an  old  calyx  lip  has  been  subsequently  smoothed  over  by  the  deposition 
of  succeeding  ridges  (PL  87,  fig.  4). 

These  fine  growth  increments  may  only  extend  part  of  the  way  around  the  circum- 
ference, usually  at  points  where  the  coral  has  presumably  been  knocked  or  rolled  from 
its  position  of  growth.  In  order  to  regain  the  most  favourable  attitude  for  life  after  such 
a disturbance,  the  polyp  laid  down  calcium  carbonate  preferentially  on  one  side  of  the 
corallite,  the  ridges  fading  out  and  coalescing  when  traced  around  to  the  opposite  face. 
Instability  of  the  coral  on  the  sea  floor  is  reflected  by  the  changes  in  orientation,  with 
the  consequent  circumferential  discontinuity  of  the  growth  increments,  recorded  in  the 
epitheca  (PL  87,  fig.  2).  For  counting  the  maximum  number  of  ridges  laid  down,  it  is 
obviously  most  useful  to  study  those  corals  which  have  led  the  least  disturbed  life,  or 
those  that  have  modified  their  direction  of  growth  in  a constant  direction  (PL  87,  fig.  3). 

The  possibility  must  also  be  borne  in  mind  that  if  these  fine  growth-ridges  are  diurnal 
as  it  is  claimed,  unusual  circumstances  may  have  caused  an  increment  to  be  missing  for 
certain  days,  or  conversely,  two  increments  to  be  deposited  in  the  same  day. 

Thus  all  ridge  counts  must  be  regarded  as  approximations  in  their  interpretation,  even 
where  the  curvature  of  the  specimen  presents  their  maximum  development. 

The  vertical  thickness  of  the  ridges  also  varies,  sometimes  irregularly  (OUM  DT4), 
sometimes  with  an  alternation  of  thicker  and  thinner  ridges  (OUM  DT  5).  This  variation 
appears  to  be  random.  Often  the  ridges  are  thicker  in  the  region  of  maximum  growth 
when  a change  in  the  orientation  of  the  calyx  is  involved,  helping  to  re-establish  the 
optimum  growth  position  of  the  polyp  more  rapidly. 

The  coral  epitheca  also  shows  constrictions  up  its  length,  demarcating  successive 
groups  of  ridges  for  which  the  term  ‘bands’  is  proposed.  Usually  the  constrictions  are 
simply  deep  grooves  around  the  circumference  of  the  epitheca,  but  occasionally  they 
are  emphasized  by  a change  in  the  thickness  of  the  corallite,  most  often  being  of  smaller 
diameter  above  than  below  the  groove  (BM  R44851).  In  the  case  of  budded  corals,  these 
grooves  could  be  matched  on  parent  and  offshoot  (PL  87,  fig.  1). 

On  one  coral  (OUM  DT2),  two  major  annulations  in  the  form  of  swells  could  be 
doubtfully  distinguished  (PL  87,  fig.  3).  No  other  specimen,  however,  had  definite  indica- 
tions of  large  period  annulations  disposed  regularly  up  the  length  of  the  epitheca. 

DATA 

The  number  of  ridges  in  each  band  has  been  counted  where  approximate  maximum 
counts  could  be  obtained.  Data  on  ten  specimens  of  particularly  good  preservation,  each 
with  a number  of  well-developed  bands,  have  been  summarized  in  Table  1.  Of  the  ten 
specimens,  the  minimum  count  was  twenty-seven  ridges  and  the  maximum  thirty-five 
ridges  for  any  one  band. 

The  average  ridge  counts  per  band  for  the  two  specimens  of  Calceola  sandalina  are 
almost  identical  and  slightly  lower  than  the  averages  for  the  other  eight  corals.  The  total 
range  of  the  averages,  however,  is  only  IT  ridges  per  band  and  the  number  of  specimens 
used  here  does  not  allow  any  significance  to  be  attached  to  slight  variations  within  this 
range. 

As  all  the  specimens  are  from  the  Middle  Devonian,  the  average  of  the  band  counts  on 
all  ten  specimens,  a total  of  112  bands,  has  been  calculated  as  representative  of  this 
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period.  The  degree  of  accuracy  of  this  figure  depends  on  the  limited  size  of  the  sample 
and  the  order  of  variation  with  time  to  be  expected  in  the  number  of  ridges  per  band. 
To  comment  on  the  latter  factor  here  would  be  to  presuppose  the  significance  of  the 
banding.  The  average  of  a large  number  of  counts,  however,  showing  such  a small 
scatter,  would  suggest  that  factors  of  unusual  deposition  or  non-deposition  at  certain 
times  are  not  important. 

On  some  specimens  (OUM  DT2,  PI.  86),  and  on  parts  of  others,  this  regular  banding 
is  very  pronounced.  More  often  it  is  partially  obscured  by  intermediate,  less  well  de- 
veloped grooves.  Occasionally  there  are  more  than  thirty  ridges  between  successive 
grooves  but  in  these  cases  counts  always  give  a multiple  of  about  thirty  ridges.  For 
example,  OUM  DT6  gives  one  uninterrupted  count  of  sixty-four  ridges. 


TABLE  1. 

{For  explanation  see 

text.) 

Specimen 

Number  of 

Average  number  of 

3991 Average  number 

number 

bands 

ridges  per  band 

ridges  per  band 

BM  R44851 

12 

30-9 

12-91 

OUM  DT2 

13 

30-85 

12-93 

OUM  DT3 

10 

30-7 

12-99 

OUM  DT4 

16 

30-7 

12-99 

OUM  DT5 

12 

30-4 

13-12 

OUM  DT6 

14 

30-8 

12-95 

OUM  DT7 

12 

31 

12-87 

OUM  DT8 

6 

30-6 

13-04 

OUM  DZ32 

9 

30 

13-3 

OUM  DZ33 

8 

29-9 

13-34 

Average  for 

ten  specimens 

30-59 

13-04 

In  the  case  of  specimen  OUM  DT2,  the  interval  between  the  top  edges  of  the  two  swells 
mentioned  above  is  401  ridges.  This  unit  comprises  thirteen  bands,  each  on  average  with 
30-85  ridges  (PI.  87,  fig.  3). 


DISCUSSION 

Wells  (1963)  has  presented  the  facts  suggesting  that  the  fine  ridges  on  coral  epithecae 
represent  diurnal  increments  of  calcium  carbonate  deposition.  Whilst  direct  experimental 
data  to  confirm  this  hypothesis  are  lacking,  the  circumstantial  evidence  is  nevertheless 
strong.  The  significance  of  the  regularly  repetitive  banding  of  the  coral  epitheca  is  dis- 
cussed here  presuming  such  a time-growth  relationship. 

Bands  per  year  in  the  Middle  Devonian 

Periodically,  the  corallite  building  process  of  the  polyp  was  disturbed,  causing  a radical 
reduction  in  the  deposition  of  calcium  carbonate,  reflected  by  a constriction  in  the  epi- 
theca. In  the  Middle  Devonian  this  phenomenon  occurred  on  average  every  30-59  days 


EXPLANATION  OF  PLATE  86 

Part  of  the  convex  face  of  OUM  DT2,  showing  six  well-developed  bands.  The  figures  indicate  the 
ridge  counts  between  successive  constrictions  in  the  epitheca.  The  individual  ridges  are  also  clearly 
shown,  X 20. 
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during  the  growth  of  the  coral.  It  would  greatly  help,  in  investigating  the  causal  factor 
behind  this  periodicity,  to  know  the  length  in  days  of  the  Middle  Devonian  year  and 
thus  establish  a numerical  relationship  between  the  banding  and  the  year. 

Wells  (1963,  fig.  1)  plots  a graph  of  ‘days  in  the  year’  against  ‘geological  time’,  based 
on  astronomical  calculations  and  radioactive  isotope  age  determinations  for  the  geo- 
logical systems.  Between  the  base  and  the  top  of  the  Devonian  system  these  estimates 
give  a drop  in  the  number  of  days  per  year  from  402  to  396. 

In  order  to  calculate  the  number  of  days  in  the  Devonian  year  from  fossil  coral 
material,  it  is  necessary  to  determine  the  annual  growth  rate.  Whilst  Wells  (1963, 
p.  950)  recognizes  yearly  annulations  on  the  corals  he  has  studied,  it  has  been  concluded 
from  the  material  examined  here  that,  for  these  specimens  at  least,  no  regular  grouping 
of  ridges  larger  than  the  bands  described  above  can  be  distinguished.  The  one  case  in 
which  doubtful  annulations  occurred  has  already  been  mentioned,  but  even  this  speci- 
men is  by  no  means  convincing. 

Extrapolating,  therefore,  from  the  astronomical  calculations  alone,  the  Middle 
Devonian  year  was  approximately  399  days  in  length.  If  the  average  band  count  for  each 
of  the  corals  in  Table  1 is  divided  into  399  the  result  is  a striking  series  of  figures  closely 
grouped  about  the  number  13.  Using  the  average  band  count  for  all  ten  corals  the  figure 
is  13-04.  Thus  the  data  strongly  suggest  that  thirteen  bands  were  laid  down  by  these 
corals  in  the  course  of  a Middle  Devonian  year. 

Interpretation  of  banding 

In  order  to  interpret  the  banding  it  is  necessary  to  seek  analogy  with  modern  corals 
for  signs  of  a cyclic  process  which  might  reasonably  have  affected  their  Devonian  fore- 
bears. The  figure  of  thirteen  bands  per  year  suggests  a possible  connexion  between  the 
moon  and  coral  growth.  There  is  some  evidence  in  support  of  such  a connexion;  Dr. 
S.  A.  Wainwright  of  the  University  of  California  (personal  communication)  has  observed 
banding  on  Lophelia  pertusa  Linne,  a living  coral  from  the  Norwegian  fjords,  on  which 
he  was  also  able  to  count  the  diurnal  ridges.  His  counts  approximated  closely  to  twenty- 
eight  days  per  band,  the  length  of  a present-day  lunar  month. 

Possible  ways  in  which  the  moon  might  affect  coral  growth  are  discussed,  for  con- 
venience, under  three  separate  heads. 

1 . Tidal  effect.  There  is  a cycle  in  the  amplitudes  of  the  tides  with  two  maxima  and 
minima,  the  springs  and  neaps  respectively,  occurring  every  lunar  month.  It  is  conceiv- 
able that  for  corals  living  close  to  the  surface  the  periods  of  maximum  amplitude  might 
adversely  affect  growth  by  bringing  the  coral  into  highly  agitated  surface  waters  or  even 
exposing  it  at  low  tide. 

If  the  constrictions  in  the  epithecae  represent  such  tidal  disturbances,  then  two  bands 
would  represent  one  lunar  month  and  it  would  be  concluded  that  the  Middle  Devonian 
year  comprised  6|  lunar  months.  The  huge  energy  changes  involved  in  converting  this 
cycle  to  the  present-day  thirteen  lunar  months  per  year  in  the  space  of  some  350  million 
years  makes  this  seem  highly  unlikely.  Moreover,  the  corals  considered  here  show  no 
indication  of  being  adapted  for  life  in  highly  agitated,  near-surface  waters.  Specimens 
from  the  Bell  Shale  and  Potter  Farm  Formation  sometimes  show  signs  of  disturbances 
in  the  formation  of  their  epithecae,  but  these  are  consistent  only  with  occasional  rolling 
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or  toppling,  most  probably  due  to  instability  rather  than  water  activity  (e.g.  OUM 
DT6).  Specimen  OUM  DT7  shows  no  change  at  all  in  the  orientation  of  its  calyx  during 
life. 

2.  Variation  in  nutrient  supply.  Dr.  S.  A.  Wainwright,  with  the  case  of  Lophelia  pertusa 
in  mind,  suggested  to  the  author  that  regular  fluctuations  in  nutrient  supplies  might 
aflect  the  polyp’s  skeleton  building  ability.  Periods  of  near-starvation  with  a consequent 
lowering  of  the  animal’s  energy  level  might  sufficiently  suppress  calcium  carbonate 
deposition  to  produce  a constriction  in  the  epitheca. 

Modern  corals  feed  on  elements  in  the  zooplankton,  but  there  seems  to  be  no  evidence 
of  periodic  fluctuations  in  the  abundance  of  these  minute  animals  that  could  apply  to 
this  case.  It  is  possible  that  the  low  spring  tides  could  deprive  the  polyp  of  its  normal 
food  requirements  if  the  coral  lived  close  to  the  surface ; but  here  the  discussion  under 
the  previous  head  applies.  Alternatively,  the  distribution  in  the  sea  of  the  zooplankton 
might  be  affected  by  moonlight.  These  animals  are  very  sensitive  to  illumination  and 
their  level  in  the  sea  appears  to  be  largely  influenced  by  light  intensity.  It  does  not  seem 
likely,  however,  that  such  a control  could  be  sufficiently  sensitive  to  significantly  reduce 
the  coral’s  nutrient  supply.  Hatai  (1940),  reporting  on  work  done  at  the  Palao  Tropical 
Biological  Station,  states  that  although  zooplankton  is  scanty  in  Iwayama  Bay,  it  appears 
to  be  sufficient  for  luxuriant  coral-reef  growth.  Other  workers  have  shown  that  it  takes 
a polyp  several  hours  to  digest  a single  animal  so  that  their  nutritive  requirements  in 
terms  of  plankton  abundance  are  not  very  large.  Thus  it  would  require  the  coral  environ- 
ment to  be  virtually  free  of  zooplankton  to  affect  coral  growth  significantly. 

3.  Lunar  breeding  periodieity.  The  only  other  influence  of  lunar  periodicity  on  the 
metabolism  of  corals  generally  appears  to  be  through  their  breeding  cycle.  Many  modern 
reef  corals,  and  perhaps  other  corals  whose  breeding  habits  are  not  known,  seem  to  have 
an  approximate  lunar  periodicity  in  breeding  although  no  reference  is  known  to  the 
habits  of  Lophelia  pertusa  in  this  connexion. 

It  is  possible,  however,  that  a periodic  preoccupation  with  breeding  in  the  coral 
metabolism  could  inhibit  to  some  extent  its  normal  function  of  calcium  carbonate  de- 
position. Krempf  (1935)  has  noted  a rhythmic  succession  of  dissepimental  platforms  in 
Favia  which  he  correlates  with  periods  of  sexual  activity  in  living  polyps.  The  two  func- 
tions are  connected,  he  suggests,  by  a ‘mecanisme  cytologique  simple’.  Wells  (1937, 
p.  17),  following  Krempf ’s  suggestion,  equates  the  banding  on  fossil  corals  with  periods 
of  planulation.  These  he  assumes  to  be  of  lunar  periodicity  on  the  basis  of  the  relation- 
ship between  the  banding  and  annual  rings  on  the  corals  he  had  observed. 


EXPLANATION  OF  PLATE  87 

Fig.  1 . Specimen  OUM  DT3  showing  well-developed  banding  (bands  a,  b,  c,  d),  which  can  be  traced 
from  parent  to  young  bud,  x4.  2,  Specimen  OUM  DT9,  Tabulophyllum  sp.,  same  horizon  and 
locality  as  OUM  DT7  and  OUM  DT8.  The  attitudes  of  the  irregular  bands  a,  b,  c and  d reflect 
changing  orientations  of  the  calyx  in  response  to  toppling  or  rolling  of  the  corallite,  X4.  3,  A side 
view  of  specimen  OUM  DT2  illustrating  the  thirteen  well-developed  bands  on  the  convex  face  of  the 
epitheca  corresponding  to  the  interval  between  the  top  edges  of  the  questionable  annual  rings,  indicated 
on  the  concave  face,  x 3-5.  4,  The  repair  of  a chip  in  an  old  calyx  lip  on  specimen  OUM  DT4.  The 
incremental  growth  ridges  can  be  clearly  seen,  X 10. 
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Whilst  confirmation  of  this  relationship  is  lacking,  it  is  nevertheless  a possibility  to 
be  considered. 

There  are  two  types  of  lunar  breeding  periodicity  known  in  living  corals.  In  the  first, 
breeding  occurs  twice  in  a lunar  month.  It  is  thought  that  maturation,  occurring  at  each 
spring  tide,  is  brought  on  by  rhythmic  changes  in  water  pressure  due  to  the  tides. 
Korringa  (1947)  thinks  that  breeding  in  PociUopora  bulbosa,  investigated  by  Marshall 
and  Stephenson  (1933),  is  of  this  type,  although  the  example  is  complicated.  In  the 
second  type,  there  is  one  breeding  maximum  in  each  lunar  cycle.  Here  the  motivating 
factor  appears  to  be  moonlight,  with  breeding  usually  falling  between  the  full  moon 
and  the  last  quarter.  Several  examples  of  this  periodicity  are  known  from  the  work  of 
Abe  (1937)  and  Atoda  (1947u,  \9Alb,  1951a,  19516)  at  the  Palao  Tropical  Biological 
Station.  All  four  corals  studied  by  Atoda  extruded  planulae  with  lunar  periodicity  all 
the  year  round. 

If  a lunar  breeding  periodicity  is  related  to  the  banding  seen  in  Devonian  corals,  then 
a single  period  of  planulation  each  lunar  month  is  the  more  probable  situation.  The 
alternative  bi-monthly  cycle  would  suggest  that  the  moon  encircled  the  earth  six  and  a 
half  times  a year  in  the  Middle  Devonian,  a situation  already  considered  unlikely  on  the 
grounds  of  the  large  energy  changes  implied  between  that  period  and  the  present  day. 
Thus  the  conclusion  remains  that  then,  as  now,  the  moon  orbited  the  earth  thirteen 
times  in  the  space  of  a year. 


CONCLUSIONS 

The  regular  banding  observed  on  coral  epithecae  is  thought  to  represent  the  effect 
of  a natural  periodic  phenomenon  on  coral  growth.  On  the  corals  studied  thirteen  bands 
were  deposited  in  the  course  of  a Middle  Devonian  year.  This  time-growth  relationship 
suggests  a connexion  between  the  lunar  cycle  and  skeleton  building  for  which  three 
possibilities  are  discussed.  The  most  likely  influence  on  growth  appears  to  be  through 
a monthly  lunar  breeding  periodicity  in  the  corals  concerned.  Acceptance  of  this  theory 
leads  to  the  conclusion  that  the  moon  circled  the  earth  thirteen  times  in  the  course  of 
a Middle  Devonian  year  with  a lunar  cycle  of  301  days. 

Clearly  a great  deal  more  must  be  known  about  the  habits  of  living  corals  before  this 
theory  can  be  properly  evaluated.  If,  however,  a direct  analogy  can  be  made  between 
the  banding  on  Lophelia  pertusa  and  that  on  the  Devonian  corals,  then  irrespective  of 
the  exact  causal  mechanism  involved,  the  conclusion  is  the  same. 
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Material.  Details  of  the  quoted  specimens  are  as  follows: 

BM  R44851  EridophyUum  sp.  Hamilton  Formation,  Middle  Devonian:  south  of  London,  Ontario, 
Canada. 

OUM  DT2  ?HeliophyUum  sp.;  OUM  DT3  Cylindrophylhim  sp.;  OUM  DT4  Heliophylhnn  halli 
Edwards  and  Haime;  OUM  DT5  Cystiphylloides  americanum  (Edwards  and  Haime);  OUM  DT6 
Cylindrophylhim  sp.,  all  from  the  Bell  Shale,  Traverse  Group,  Middle  Devonian:  spoil  from  over- 
burden, Rogers  City  limestone  quarry,  Rogers  City,  Presque  Isle  Co.,  Michigan,  U.S.A.  OUM  DT7 
? Disphylliim  sp. ; OUM  DT8  Cylindrophylhim  sp.,  both  from  shale  above  ‘Silo  Terrace’,  Potter  Farm 
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Formation,  Traverse  Group,  Middle  Devonian:  small  shale  pit,  northwest  corner  of  Alpena  (Ever- 
green) Cemetery,  south-west  quarter,  sec.  21,  T.  31  N.,  R.  8 E.,  near  Alpena  City,  Michigan,  U.S.A. 
OUM  DZ32  and  OUM  DZ33  both  Calceola  sandalina  (Linne),  Upper  Couvinian  calcareous  slates. 
Middle  Devonian;  south  of  Trois  Fontaines,  Belgium.  All  OUM  specimens  collected  by  Dr.  M.  R. 
House. 
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MIDDLE  OLD  RED  SANDSTONE  SPORE 
ASSEMBLAGES  FROM  THE  ORCADIAN  BASIN 
NORTH-EAST  SCOTLAND 

by  J.  B.  RICHARDSON 


Abstract.  Spore  assemblages  have  been  found  in  a variety  of  Middle  Old  Red  Sandstone  deposits  sampled 
from  several  areas  in  the  Orcadian  basin,  ranging  from  the  south  side  of  the  Moray  Firth  in  the  south  to  the 
Orkney  Islands  in  the  north.  New  taxa  include  Subturma  Pseudosaccititriletes  and  four  genera,  Acinosporites, 
Corystisporites,  Dibolisporites,  and  Samanspoiiies\  eighteen  species  and  two  varieties  are  new,  and  in  addition 
the  genus  Retusotriletes  (Naumova)  is  emended  and  restricted  to  laevigate  spores  in  which  well-developed  cur- 
vaturae  perfectae  are  a constant  character;  many  of  the  other  species  described  are  new  combinations  of  Eisenack 
(1944),  or  of  various  species  of  Russian  authors. 

The  vertical  distribution  of  spore  assemblages  in  the  Orcadian  area  is  described  and  several  points  of  local 
correlation  discussed.  Detailed  comparisons  with  Russian  spore  assemblages  are  made  and  a correlation  between 
the  north-west  Russian  and  Orcadian  sequences  is  suggested.  Characteristic  features  of  Devonian,  especially 
Middle  Devonian  spore  assemblages  are  discussed.  Apart  from  the  spores  no  other  acid-resistant  microfossils 
have  been  found  except  for  fragments  of  plant  and  fish  tissues;  the  possible  significance  of  this  is  discussed 
below. 


Plant  microfossils  have  been  obtained  from  rocks  of  varied  lithological  type  occurring 
in  the  Orcadian  basin,  north-east  Scotland.  The  lithologies  include  black  bituminous 
flagstones  and  subordinate  arenaceous  flags,  siltstones,  and  shales  of  Caithness  and 
Orkney.  Similar  dark  bituminous  flagstones  occur  also  in  the  Nairn  valley  (south-east 
of  Inverness)  but,  as  in  other  outliers  on  the  south  side  of  the  Moray  Firth,  the  strata 
are  more  arenaceous,  and  sequences  of  sandstones,  siltstones,  grey-green  clays,  and 
nodule  beds  are  more  common;  this  is  also  true  of  the  dominantly  arenaceous  sequences 
of  the  Black  Isle  (including  the  famous  Cromarty  nodule  beds)  and  Edderton  burn  to  the 
north  of  the  Moray  Firth.  These  rocks  are  often  prolific  of  spore  assemblages,  especially 
the  grey-green  clays  and  siltstones.  The  microfloras  are  described  and  their  strati- 
graphical  distribution  and  relation  to  lithological  type  are  discussed. 

Inter-regional  comparisons  are  made  difficult  by  lack  of  a uniform  classificatory 
system,  nevertheless  there  are  striking  similarities  especially  between  the  intensively 
studied  Devonian  microfloral  assemblages  from  parts  of  the  U.S.S.R.  and  the  Scottish 
material.  Although  the  volume  of  literature  on  Devonian  spores  is  rapidly  increasing, 
comparisons  with  regions  other  than  the  U.S.S.R.  are  difficult  because  in  many  cases 
the  exact  stratigraphical  horizon  of  the  assemblages  is  not  known.  There  is  thus  a need 
for  studies  of  microfloral  assemblages  from  successions  which  are  well  dated  by  other 
fossils;  only  when  this  is  done  will  it  be  possible  to  assess  the  inter-regional  distribution 
of  Devonian  microfloras  and  to  realize  fully  their  stratigraphical  potential. 

During  studies  of  spore  assemblages  the  only  other  microfossils  found  have  been  frag- 
ments of  plant  tissues  and  fish  remains.  No  chitinozoa,  acritarcha,  hystrichosphaeridia, 
or  chitinous  linings  of  foraminifera  have  been  found  although  over  400  slides  have  been 
carefully  studied. 

[Palaeontology,  Vol.  7,  Part  4,  1964,  pp.  559-605,  pis.  88-93.] 
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STRATIGRAPHY 

The  Old  Red  Sandstone  of  north-east  Scotland  is  divided  into  three  groups,  the 
‘Basement’  or  Barren  group,  the  Middle  Old  Red  Sandstone,  and  the  Upper  Old  Red 
Sandstone.  The  lower  and  upper  groups  are  dominantly  arenaceous  strata  while  the 
middle  group  consists  mainly  of  argillaceous  sediments  which,  in  this  group’s  greatest 
development  in  Caithness  and  Orkney,  are  dark  finely  banded  bituminous  and  cal- 
careous flagstones.  The  ‘Basement’  group  rests  on  igneous  and  metamorphic  rocks  of 
the  Highlands,  is  overlain  and  in  part  overlapped  by  strata  containing  undoubted 
Middle  Old  Red  Sandstone  fossils.  The  age  of  the  ‘Basement’  group  is  uncertain.  On 
the  other  hand  the  Middle  Old  Red  Sandstone  of  this  area  has  been  equated  by  Westoll 
(1951),  mainly  on  the  basis  of  fish  faunas,  with  the  Upper  Eifelian  and  Givetian.  The 
correlations  in  text-fig.  1 are  based  mainly  on  this  work. 

Spore  assemblages  have  been  isolated  from  the  ‘Basement’  group  and  the  Middle 
Old  Red  Sandstone  of  this  area.  The  microfloras  of  the  ‘Basement’  group,  however, 
will  be  described  in  a separate  publication. 

SYSTEMATIC  DESCRIPTIONS 

All  the  slides  referred  to  by  serial  numbers  in  the  text  are  in  the  Department  of 
Geology,  King’s  College,  London;  position  on  the  slide  is  indicated  by  the  instrument 
settings  of  a Zeiss  microscope,  serial  no.  4000349. 

Anteturma  sporites  H.  Potonie  1893 
Turma  triletes  Reinsch  1891 
Subturma  azonotriletes  Luber  1935 
Infraturma  laevigati  (Bennie  and  Kidston)  Potonie  and  Kremp  1954 
Genus  leiotriletes  (Naumova  1937)  Potonie  and  Kremp  1954 

Type  species.  L.  spbaerotnangidatus  (Loose)  Potonie  and  Kremp  1954. 

Leiotriletes  sp.  A 
Plate  88,  fig.  1 

Occurrence.  Thurso  and  Eday  flagstone  groups,  Caithness  and  Orkney. 


EXPLANATION  OF  PLATE  88 

All  figures  X 300  except  where  indicated. 

Fig.  1.  Leiotriletes  sp.  A,  proximal  view. 

Fig.  2.  Pimctatisporites  confossus  sp.  nov. ; holotype,  proximal  view  showing  darkened  contact  areas. 

Figs.  3-4.  Calamospora  spp.  3,  C.  pannucea  sp.  nov.,  holotype,  distal  view.  4,  C.  sp.  showing  darkened 
contact  areas. 

Figs.  5-8.  Retusotriletes  spp.  5-6,  R.  diibius  (Eisenack)  comb.  nov.  5,  Obliquely  compressed  specimen 
showing  curvaturae  and  darkened  contact  areas,  X 500;  6,  two  specimens  showing  torn  and  wrinkled 
interradial  areas  and  curvaturae.  7-8,  R.  distinctus  sp.  nov.  7,  Holotype,  proximal  view;  8,  oblique 
compression  showing  the  curvaturae  perfectae  in  plan  and  profile  at  the  spore  margin. 

Fig.  9.  ? Stenozonotriletes  inequaemarginalis  sp.  nov.,  holotype,  proximal  view,  X500. 

Figs.  10-11.  Trileites  langi  sp.  nov.,  X 200.  10,  Holotype,  proximal  view,  showing  triangular  darkened 
contact  areas  with  thinner  areas  at  the  junction  of  the  three  rays.  11,  Proximal  view  of  specimen 
showing  fine  triradiate  sutures. 
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TEXT-FIG.  1.  Correlation  chart  of  generalized  stratigraphical  sections.  Fauna  (1)  based  on  Westoll 
(1951),  Miles  and  Westoll  (1963),  and  Tarlo  (1961). 


Description.  Size  range  51  to  69  p (seven  specimens),  outline  triangular  with  rounded 
apices  and  convex  interradial  margins;  exine  smooth  to  infrapunctate,  approximately 
1 p thick.  Trilete  rays  three-quarters  to  equal  radius;  trilete  folds  on  some  specimens. 

Comparison.  Thomson’s  group  5a  (1944)  includes  a similar  spore  (pi.  3,  fig.  12). 


Genus  punctatisporites  (Ibrahim)  Potonie  and  Kremp  1954 
Type  species.  P.  piinctatiis  Ibrahim  1933. 

Punctatisporites  confossus  sp.  nov. 

Plate  88,  fig.  2 

Holotype.  Size  93  X 105  p;  slide  OR. 45,  reference  378991 ; ? Eday  flags,  loc.  4. 
Occurrence.  In  all  sediments  studied  but  most  abundant  in  ? Eday  flags,  Inganess. 
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Diagnosis.  Spores  with  thick  exine,  externally  smooth  and  strongly  infrapunctate, 
tetrad  rays  one-half  to  two-thirds  radius ; contact  areas  small  and  thickened. 

Description.  Size  range  80  to  \26  p (twenty-five  specimens  measured);  outline  circular 
to  elliptical.  Exine  2 p thick,  occasionally  folded;  externally  smooth  but  with  marked 
infrapunctation;  infrapunctation  often  exposed  by  corrosion  of  the  spore  wall,  corro- 
sion sometimes  confined  to  the  interradial  areas  but  more  often  irregular.  Triradiate 
mark  distinct  one-half  to  two-thirds  radius,  bordered  by  darkened  (thickened)  contact 
areas. 

Comparison.  This  species  differs  from  typical  species  of  Piinctatisporites  by  the  presence 
of  darkened  contact  areas.  However,  the  trilete  rays  are  longer,  and  the  exine  thicker 
than  typical  Calamospora  species.  Further  it  is  strongly  infrapunctate  and  does  not  show 
the  taper-pointed  folding  typical  of  Calamospora.  The  genus  Phyllothecotriletes  Luber 
has  a thick  wall,  darkened  contact  areas,  but  has  shorter  trilete  rays. 

Derivation  of  name.  L.  confossus — full  of  holes,  referring  to  the  marked  infrapunctation. 

Genus  trileites  (Erdtman  1945,  1947)  ex  Potonie  1956 

Type  species.  T.  spin  itis  (Dijkstra)  Potonie  1956. 

Trileites  langi  sp.  nov. 

Plate  88,  figs.  10,  1 1 

1925  Type  F of  Lang;  pi.  1,  figs.  10-12. 

Holotype.  Size  209 X 330 /z,  exine  thick;  slide  CR.170,  reference  379881;  Achanarras  horizon,  loc.  13. 

Occurrence.  Occurs  in  most  of  the  beds  examined  but  specimens  in  Thurso  and  Eday  beds  are  smaller 
and  have  a relatively  thinner  wall. 

Diagnosis.  Large,  thick-walled  spores,  tetrad  rays  four-fifths  to  nearly  equal  the  radius, 
surrounded  by  small,  distinct,  triangular  contact  areas. 

Description.  Colour  yellow  to  reddish-brown.  Size  range  236  to  400  p (thirty  specimens 
measured);  outline  circular  to  subcircular;  spores  probably  originally  subspherical  and 
flattened  at  the  proximal  pole.  Exine  5 to  13  ;u  thick;  externally  smooth  with  fine  infra- 
punctations,  often  crumpled  into  large  arcuate  folds.  Small  triangular  contact  area  in 
the  centre  of  the  spores  which  is  thinner  than  the  rest  of  the  spore,  bordered  by  thickened 
triangle ; tetrad  rays  four-fifths  to  nearly  equal  radius  of  the  spore,  distinct  only  in  con- 
tact areas  (one-fourth  radius). 

Remarks.  The  spores  above  could  be  placed  in  either  Laevigatisporites  or  Trileites. 
Typical  members  of  these  genera  have  distinct  curvaturae  perfectae  which  are  absent 
in  the  spores  of  T.  langi.  However,  some  species  of  Laevigatisporites  and  Trileites  lack 
curvaturae,  e.g.  L.  reinschi  Ibrahim  and  T.pinguis  (Harris)  Potonie  and  Kremp.  Accord- 
ing to  Potonie  (1956,  p.  23)  Trileites  differs  from  Laevigatisporites  in  having  longer 
Y-rays,  whereas  Chaloner  (1963,  p.  108)  emphasizes  differences  in  shape;  Laevigati- 
sporites is  regarded  as  concavo-convex  and  Trileites  more  or  less  spherical.  Since  the 
spores  described  by  the  author  appear  to  have  been  more  or  less  spherical  originally 
and  have  long  Y-rays  they  are  placed  in  the  genus  Trileites. 
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Megaspores  from  a specimen  of  the  heterosporous  plant  Baruwphyton  richardsoni 
(Perry,  Maine)  are  closely  similar  to  the  spores  described  above  (Pettitt,  in  press). 
Pettitt’s  spores  differ  in  having  short  Y-rays;  however,  in  T.  langi  only  the  innermost 
parts  of  the  Y-rays  are  distinct  (one-quarter  radius),  whereas  their  continuations  (i.e. 
beyond  the  contact  areas)  are  barely  discernible  fine  sutures  in  some  specimens  and  in 
others  are  not  visible. 

Comparison.  Spores  of  this  type  were  originally  described  by  Lang  (type  F).  Group  1, 
form  3,  Elovskava  (1936,  pi.  2,  figs.  3 and  4)  probably  contains  spores  which  are  identical 
to  type  F;  Elovskava ’s  spores  are  variable  in  size  with  a diameter  usually  about  260  p. 
Calamospora  laevigata  (Ibr.)  Schopf,  Wilson,  and  Bentall  (1944)  is  also  very  similar 
to  T.  langi  although  in  the  former  the  size  range  is  greater  (250  to  500  p),  the  Y-rays 
are  shorter  (only  one-third  radius),  and  there  are  no  contact  areas.  Spores  of  Archaeo- 
zonotriletes  incrustatus  Archangelskaya  (1963,  pis.  5,  6)  are  very  similar  but  no  sign 
of  the  double,  partially  separated,  wall  structure  is  seen  in  the  Scottish  specimens. 
The  Russian  specimens  are  from  the  Lower  Frasnian  of  the  Russian  platform. 

Genus  calamospora  Schopf,  Wilson,  and  Bentall  1944 
Calamospora  pannucea  sp.  nov. 

Plate  88,  fig.  3 

Holotype.  Size  IlOx  123  p;  slide  CR.175,  reference  422880;  Achanarras  horizon,  loc.  13. 

Occurrence.  In  all  the  beds  examined. 

Diagnosis.  Spore  with  thin  crumpled  exine ; triradiate  mark  one-third  to  one-half,  with 
triangular  contact  area. 

Description.  Size  range  62  to  146  p (forty  specimens  measured).  Outline  subcircular  to 
irregular;  exine  thin  and  does  not  retain  a definite  shape,  crumpled  into  numerous  taper- 
pointed  folds.  Triradiate  mark  distinct  one-third  to  one-half  radius.  A distinct  triangular 
contact  area  is  often  seen,  the  inner  part  of  the  triangle  is  often  thinner  than  the  rest  of 
the  spore  coat. 

Comparison.  Elovskava  described  similar  spores  as  Group  I,  Form  4 (1936,  pi.  2,  figs. 
5,  6).  The  size  range  of  Elovskava’s  spores  is  1 10  to  160  p,  slightly  greater  than  that  of  the 
spores  described  here.  Triradiate  marks  and  contact  areas  are  not  mentioned  by  Elov- 
skava so  further  comparison  is  not  possible.  The  exine  of  Leiotriletes  nigratus  Naum. 
1953  appears  more  dense. 

Derivation  of  name.  L.  pannuceus — wrinkled. 

Genus  retusotriletes  (Naum.  1953)  emend. 

Type  species.  R.  pychovii  Naumova  1953,  pi.  14,  fig.  5. 

Emended  diagnosis.  Radial  trilete  miospores;  equatorial  outline  subcircular  to  sub- 
triangular.  Exine  externally  smooth  or  finely  wrinkled,  infra-structure  varied.  Curvaturae 
perfectae  distinct,  often  forming  a wedge-shaped  thickening  when  seen  in  lateral  com- 
pression. 
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Comparison.  Cadiospora  Kosanke  1950  has,  in  addition  to  curvaturae,  well-marked 
thickened  lips.  Divisisporites  (Thomson)  Potonie  1956  has  curvaturae  imperfectae. 

Remarks.  Potonie  (1958,  pp.  13,  14)  did  not  formally  emend  this  genus  but  included  it 
with  smooth-walled  genera  in  his  classification.  The  present  author  restricts  this  genus 
to  laevigate  spores  since  it  is  only  on  such  spores  (in  the  assemblages  studied)  that  the 
curvaturae  perfectae  form  a constant  character.  In  polar  compression  the  thickened 
curvaturae  often  dip  below  the  spore  margin  and  give  the  effect  of  thickened  interradial 
areas  often  seen  in  R.  dubius  (Eisenack);  but  in  lateral  compression  curvaturae  are 
clearly  seen. 

Retusotriletes  dubius  (Eisenack)  comb.  nov. 

Plate  88,  figs.  5,  6 

1925  Type  D of  Lang,  pi.  1,  fig.  8. 

1944  Triletes  dubius  Eisenack,  p.  115;  pi.  2,  fig.  7,  text-fig.  14. 

Holotype.  Eisenack  1944,  pi.  2,  fig.  7 ; size  92  /x.  Triradiate  mark  five-sixths  of  the  spore  radius.  Probably 
Middle  Devonian. 

Occurrence.  Found  in  all  the  beds  throughout  the  area.  Especially  abundant  at  the  Achanarras  horizon, 
Cromarty  and  Edderton. 

Diagnosis.  Equatorial  outline  subtriangular.  Relatively  thick-walled  spores,  triradiate 
mark  distinct,  two-thirds  to  nearly  equal  spore  radius,  bordered  by  small  darkened 
contact  areas. 

Description.  Size  range  56  to  1 10  /x  (fifty  specimens  measured).  Spore  probably  originally 
subspherical.  Exine  often  appears  thicker  in  the  interradial  areas  due  to  the  curvaturae 
which  dip  below  the  margin;  externally  smooth  and  finely  infrapunctate.  The  outer 
smooth  layer  is  often  ‘torn’  from  the  interradial  contact  areas  and  forms  arcuate  folds, 
the  layer  beneath  is  contorted  into  minute  wrinkles  which  are  usually  radially  arranged. 
A distinct  triangular,  darkened  contact  area  occurs,  this  is  best  seen  on  spores  in  which 
the  outer  layer  has  been  ruptured. 

Comparison.  This  species  differs  from  R.  distinctus  sp.  nov.  by  its  smaller  size  and 
darkened  contact  areas.  Lang  (1925)  described  similar  spores  from  Cromarty  which  he 
named  type  D.  His  photograph  shows  the  torn  proximal  surface  often  seen  in  these 
spores  and  also  darkened  contact  areas.  The  size  range  given  by  Lang  was  60  to  75  fj.. 
Thomson  (1940)  also  figured  a spore  (group  5a,  pi.  3,  fig.  13)  which  closely  resembles 
R.  dubius  from  the  Middle  Devonian  of  Estonia.  Spores  designated  Triletes  dubius 
Eisenack  1944  (pi.  2,  fig.  7)  are  identical  to  specimens  found  in  the  Orcadian  deposits, 
several  specimens  were  examined  for  comparison  including  the  holotype ; the  size  range 
of  Eisenack’s  spores  is  92  to  104  /i.  R.  translaticus  Tchibrickova  1959  is  very  similar  to 
R.  dubius  but  is  smaller. 

Remarks.  The  original  description  of  R.  dubius  (Eisenack)  did  not  include  a diagnosis. 
Since  there  are  now  a number  of  comparable  species  it  is  here  thought  desirable  to  in- 
clude a diagnosis  in  common  with  current  practice ; however,  the  original  concept  of  the 
species  has  not  altered  and  therefore  it  is  not  an  emended  diagnosis.  This  procedure  is 
also  followed  for  D.  echinaceus  (Eisenack). 
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Retusotriletes  distinctus  sp.  nov. 

Plate  88,  figs.  7,  8;  text-fig.  2 
1925  Type  C of  Lang;  pi.  1,  fig.  7. 

Holotvpe.  Size  170xl80/x,  exine  8 /x  thick;  slide  CR.169,  reference  259972;  Achanarras  horizon, 
loc.  13. 

Occurrence.  In  samples  from  the  Achanarras  horizon  throughout  the  area,  especially  abundant  at  Coal 
Heugh,  Cromarty.  Also  occurs  consistently  in  the  Upper  Wick  flagstone  group. 


TEXT-FIG.  2.  R.  distinctus  sp.  nov.,  camera  lucida  drawing  of 
obliquely  compressed  specimen  showing  curvaturae  perfectae, 

X500. 

Diagnosis.  Outline  circular  to  subcircular,  spores  with  thick  exine,  triradiate  mark  dis- 
tinct, rays  reach  the  equatorial  margin;  curvaturae  perfectae  thickened. 

Description.  Colour  brown  to  reddish-brown;  size  range  113  to  218  p (thirty-six  speci- 
mens measured).  Equatorial  outline  circular  to  subcircular.  Exine  dense,  externally 
smooth  but  with  pronounced  infrapunctation  and  also  minutely  wrinkled  internally; 
exine  6 to  \5  p thick.  Spores  originally  spherical  or  nearly  so.  Triradiate  mark  distinct, 
rays  equal  the  radius;  there  are  large  contact  areas  and  distinct  curvaturae  perfectae 
which  in  laterally  compressed  spores  can  be  seen  projecting  at  the  margin  as  a wedge- 
shaped  thickening  (PI.  88,  fig.  8).  Within  contact  areas  a smaller  darkened  triangular 
area  often  occurs. 

Comparison.  Spores  designated  type  C by  Lang  are  included  in  this  species;  Lang’s 
spores  were  only  slightly  variable  in  size,  ranging  around  100  p.  Spore  type  3c  Thomson 
(1940;  pi.  2,  fig.  9a)  is  similar  to  this  species  but  the  triradiate  mark  is  about  half  the 
spore  radius  (from  the  photograph).  P.  ? limbatus  Hacquebard  1957  has  a folded  exine 
and  a triradiate  mark  one-half  to  two-thirds  of  the  radius.  Further,  the  ‘border’  in 
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R.  distinctus  is  not  a limbus  or  any  form  of  equatorial  thickening  but  is  due  to  wall  thick- 
ness; this  can  be  clearly  seen  in  obliquely  compressed  spores.  RetusotriJetes  laevis 
Tchibrickova  1959  is  smaller  (65-75  ft);  R.  obUteratus  Tchib.  1962  (Calceola  series)  is 
very  similar  but  the  contact  areas  appear  thinner  than  the  rest  of  the  spore  and  the  curva- 
turae  are  not  thickened. 

Infraturma  apiculati  (Bennie  and  Kidston)  Potonie  1956 
Genus  apiculatisporis  (Ibrahim)  Potonie  and  Kremp  1956 

ApicuJatisporis  microcomis  sp.  nov. 

Plate  89,  fig.  3 

Holotype.  Size  118x  146  p;  slide  CR.170,  reference  383875.  Achanarras  horizon,  loc.  13. 

Occurrence.  Present  in  all  beds  except  the  Eday  beds.  Upper  Eifelian  and  Givetian. 

Diagnosis.  Ornament  consists  of  minute  cones;  contact  areas  distinct,  triradiate  mark 
one-half  to  three-quarters  radius,  lips  thickened. 

Description.  Size  range  100  to  164  ft  (fifteen  specimens  measured).  Equatorial  outline 
circular  to  subcircular;  exine  thin,  often  folded.  Ornament  consists  of  minute  cones  and 
small  rods  less  than  1 ft  high  which  are  relatively  widely  spaced.  Contact  areas  distinct, 
darker  in  colour. 

Comparison.  A.  microconus  differs  from  Dibolisporites  cf.  gibberosus  Naum.  var.  major 
Kedo  by  the  minute  nature  of  the  ornament  but  in  all  other  respects  they  are  similar. 
The  extremely  small  sculptural  elements  are  difficult  to  resolve,  consequently  these  spores 
are  tentatively  assigned  to  Apiculatisporis. 

Genus  acanthotriletes  (Naumova)  Potonie  and  Kremp  1954 
Acanthotriletes  multisetus  (Luber)  Potonie  and  Kremp  1955 

1938  Azonotriletes  multisetus  Luber  in  Luber  and  Waltz;  p.  15,  fig.  61. 

Acanthotriletes  multisetus  var.  major  var.  nov. 

Plate  89,  fig.  7 


EXPLANATION  OF  PLATE  89 
All  figures  x 300  except  where  indicated. 

Eigs.  1-2,  4-6.  Dibolisporites  spp.  1-2,  D.  cf.  correctus  (Naum.)  comb.  nov.  1,  Proximal  view,  X 500; 
2,  detail  of  the  ornament  showing  biform  elements,  X 1000.  4,  D.  cf.  gibberosus  var.  major  (Kedo) 
comb,  nov.,  obliquely  compressed.  5-6  D.  echinaceus  (Eisenack)  comb.  nov.  5,  Distal  view;  6,  detail 
of  the  ornament  showing  biform  elements,  X 1000. 

Fig.  3.  Apiculatisporis  microcomis  sp.  nov.,  holotype,  proximal  view. 

Figs.  7-9.  Acanthotriletes  spp.  7,  A.  multisetus  var.  major  var.  nov.,  distal  view.  8,  A.  sp.  B.  9,  A.  cf. 
horridus  Hacquebard,  polar  view. 

Fig.  10.  Corystisporites  multispinosus  sp.  nov.,  holotype,  proximal  view. 

Fig.  11.  Anapiciilatisporites  petilus  sp.  nov.,  holotype,  distal  view,  X 500. 

Figs.  12-14.  Verrucosisporites  spp.,  X 500.  12,  V.  cf.  lebedianensis  (Naum.)  comb,  nov.,  polar  view. 
13,  V.  cf.  uncatus  (Naum.)  comb,  nov.,  obliquely  compressed.  14,  V.  cf.  grandis  (Naum.)  comb,  nov., 
distal  view. 
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Holotype.  Size  78x84ju;  slide  OR.35,  reference  338948;?  Eday  beds,  loc.  4. 

Occurrence.  Hillhead  beds  and  Eday  beds;  Givetian. 

Diagnosis.  Ornament  consists  of  fine  hair-like  processes;  size  range  over  60 /x. 

Description.  Size  68  to  \16  p (fifteen  specimens  measured).  Outline  subcircular  to  ellip- 
tical. Exine  relatively  thin,  consists  of  two  closely  adhering  membranes.  Outer  membrane 
bears  short,  closely  packed,  hair-like  spines  or  fimbrae  2 to  4 long,  which  are  parallel- 
sided or  only  slightly  tapered.  Inner  membrane  (intexine)  smooth,  only  seen  in  torn 
specimens.  Exine  often  crumpled  into  taper-pointed  folds.  Triradiate  mark  one-half  to 
two-thirds  radius,  lips  elevated. 

Comparison.  This  variety  appears  to  be  identical  to  spores  described  by  Luber  except  in 
size,  the  size  range  of  the  latter  is  40  to  60  /x.  DiboHsporites  echinaceas  (Eisenack)  has 
much  coarser,  more  irregular  projections  which  often  have  terminal  cones. 

Remarks.  The  erection  of  a new  variety  of  the  species  Acanthotriletes  muhisetas  results 
in  another  new  variety,  based  on  Tuber’s  type,  being  automatically  set  up.  This  new 
variety  is  designated  A.  multisetus  var.  multiset  us. 

Acanthotriletes  cf.  horrichis  Hacquebard  1957 
Plate  89,  fig.  9 

Occurrence.  Rare;  only  in  ? Eday  flags,  Inganess  shore. 

Description.  Colour  dark  brown,  spores  practically  opaque.  Size  range  118  to  183/x, 
excluding  spines  (on  two  specimens).  Outline  subcircular  to  subtriangular.  Exine  thick, 
covered  with  long,  tapering,  pointed  spines  which  have  very  slender  apices;  spines  25 
to  60  p.  long.  Triradiate  mark  indistinct. 

Comparisons.  These  spores  are  similar  to  those  described  by  Hacquebard  from  the 
Horton  Group  (Mississippian)  of  Nova  Scotia.  The  spines  of  the  Inganess  spores  are, 
however,  much  longer,  and  also  the  elevated  lips  described  by  Hacquebard  are  not  seen. 
This  may  be  a distinct  species. 

The  spores  described  by  Arnold  (pi.  4,  fig.  5,  1936)  and  Hoeg  (type  C,  pi.  49,  fig.  16, 
1942)  appear  to  be  very  similar  to  those  described  here;  however,  their  spores  are  much 
larger.  Arnold’s  spore  is  300  p (excluding  spines)  and  Hoeg’s  spores  are  also  300  p in 
diameter  with  spines  up  to  100  long. 

Acanthotriletes  sp.  A 

Plate  89,  fig.  8 

Occurrence.  Coal  Heugh,  Hillhead  beds,  ? Eday  beds  (Inganess).  Rare. 

Description.  Size  90  to  118  ft  (on  five  specimens)  excluding  spines.  Outline  subcircular. 
Exine  relatively  thick,  covered  sparsely  by  spines  9 to  15  ft  long;  spines  taper  evenly 
and  are  sharply  pointed.  Triradiate  mark  indistinct. 

Comparison.  Similar  spores  have  been  found  by  Butterworth  in  the  Lower  Carboniferous 
(pers.  comm.). 
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Genus  dibolisporites  gen.  nov. 

Type  species.  Dibolisporites  echinaceus  (Eisenack)  comb.  nov. 

Diagnosis.  Radial,  trilete,  azonate  miospores.  Equatorial  outline  subcircular  to  sub- 
triangular.  Sculptural  elements  dominantly  biform  (see  text-fig.  3)  but  otherwise  very 
variable,  consisting  of  cones,  rod-like  processes,  pila,  verrucae,  and  spines. 

Comparison.  Some  species  of  Biharisporites  have  similar  ornament  but  Biharisporites  is 
restricted  to  spores  of  the  megaspore  size  range.  The  genus  Acinosporites  gen.  nov.  has 
convolute  and  anastomosing  ridges  superimposed  on  which  are  sculptural  elements  of 
various  types. 

Derivation  of  name.  Gr.  dibolus — two  pointed;  referring  to  the  dominant  biform  nature  of  the  sculptural 
elements. 

Dibolisporites  echinaceus  (Eisenack)  comb.  nov. 

Plate  89,  figs.  5-6;  text-fig.  3 b-d 

1944  Triletes  echinaceus  Eisenack,  p.  113;  pi.  2,  fig.  5. 

Holotype.  Eisenack  1944,  pi.  2,  fig.  5;  size  170 |U,,  spinose  processes  8-10/u.  long.  Probably  Middle 
Devonian. 

Occurrence.  Hillhead  beds,  rare;  Eday  beds,  frequent.  Givetian. 

Diagnosis.  Ornament  variable,  consists  of  short  spines  and  also  spinose  processes  and 
pila  which  often  bear  small  cones  at  their  apices. 

Description.  Colour  yellow  to  brown.  Size  range  92  to  204  p (Eisenack,  92  to  164  |u; 
Scottish  specimens,  96  to  204  p,  thirty  specimens  measured).  Equatorial  outline  circular 
to  subcircular.  Exine  thin,  often  folded  into  taper-pointed  folds;  ornament  variable, 
consists  of  pointed  spines,  elongate,  more  or  less  parallel-sided  spines  often  with  ex- 
panded and  flattened  apices  and  terminated  with  small  cones,  or  short  pila-like  ornament 
also  with  small  cones  at  their  apices  (text-fig.  3) ; several  types  of  ornament  may  occur 
on  a single  spore;  processes  3 to  10  ;U  long  and  densely  packed.  Triradiate  mark  two- 
thirds  to  equal  the  radius  of  the  spore,  lips  occasionally  elevated;  contact  areas  distinct, 
externally  smooth  and  infragranular,  curvaturae  perfectae  seen  in  some  specimens. 

Comparison.  These  spores  are  identical  to  those  described  by  Eisenack;  his  preparations 
have  been  examined  for  comparison.  Also  his  description  of  the  variable  ornament 
parallels  that  found  in  the  Eday  beds.  They  differ  from  D.  cf.  gibberosus  var.  major 
(Kedo)  in  having  more  elongate  sculptural  elements.  Retusotriletes  devonicus  (Givetian, 
U.S.S.R.)  figured  but  not  described  by  Naumova  1953  (pi.  22,  fig.  108)  is  probably 
synonymous  with  D.  echinaceus  but  the  details  of  the  ornament  cannot  be  seen.  R. 
devonicus  var.  echinatus  Tchib.  1962  (Calceola  series.  Upper  Eifelian)  is  also  very  similar. 

Dibolisporites  cf.  (al.  Acanthotriletes)  correctus  (Naum.)  comb.  nov. 

Plate  89,  figs.  1,  2 

1925  Type  E of  Lang,  p.  256;  pi.  1,  fig.  9. 

Cf.  1953  Acanthotriletes  correctus  Naumova,  pi.  1,  fig.  22. 

Occurrence.  Givetian,  U.S.S.R.  (Naumova);  abundant  at  Achanarras  horizon,  rare  in  the  Hillhead 
beds,  Givetian. 
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Description.  Size  range  53  to  85  p (thirty  specimens  measured);  outline  subcircular  to 
subtriangular.  Exine  often  folded,  covered  with  broad-based,  more  or  less  conical  warts, 
warts  usually  rounded  in  profile  but  occasionally  terminally  flattened;  apices  of  warts 
often  sharply  constricted  to  form  fine  cone-like  terminations;  warts  2 to  5 /x  high,  3 to 
4 p wide  at  their  bases ; in  plan  view  warts  rounded,  polygonal,  or  irregular,  usually 
separate  but  occasionally  joined  in  small  groups  of  two  or  three  elements.  Triradiate 
mark,  simple,  often  indistinct,  two-thirds  to  nearly  equal  radius. 


TEXT-HG.  3.  Camera  lucida  drawings  to  show  the  sculptural  details  of  various  species  of  Dibolisporites; 
A,  D.  cf.  gibberosus  var.  major  (Kedo)-,  b,  c,  d,  D.  echinaceas  (Eisenack),  b,  holotype;  c and  d,  showing 
sculptural  variation  in  Scottish  assemblages;  all  x 1500. 

Comparison  and  remarks.  Lang  recorded  two  specimens  50  and  60  p respectively. 
Naumova’s  spores  appear  to  be  identical  to  those  described  above  but  have  a smaller 
size  range  (40  to  50  p).  The  broad-based  warts  distinguish  this  species  from  other  species 
of  Dibolisporites. 

Dibolisporites  cf.  (al.  Retusotriletes)  gibberosus  (Naum.)  var.  major  (Kedo)  comb.  nov. 

Plate  89,  fig  3 ; text-fig  3a 

Cf.  1955  Retusotriletes  gibberosus  (Naum.)  var.  major  Kedo,  pi.  1,  fig.  15. 

Occurrence.  Givetian,  Belorussiya  (Kedo  1955).  Occurs  throughout  the  Middle  O.R.S.  sequence  in 
Scotland  but  is  most  common  in  the  ? Eday  beds,  loc.  4. 

Description.  Size  range  88  to  160  p-  (thirty  specimens  measured).  Exine  thin,  often 
crumpled  into  taper-pointed  folds;  ornament  variable,  consists  of  cones,  granules,  more 
elongate  rod- like  processes  and  pila;  all  four  types  of  ornament  can  occur  on  a single 
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Specimen  and  on  well-preserved  specimens  are  frequently  terminated  by  minute  cones; 
sculptural  elements  1-2  /x  high.  Curvaturae  perfectae  present  in  many  specimens,  contact 
areas  distinct  and  without  any  external  ornament  but  with  an  irregular  infrareticulation. 
Triradiate  mark  one-half  to  three-quarters  spore  radius,  lips  elevated. 

Comparison  and  remarks.  These  spores  are  closely  similar  to  those  of  Kedo  (1955,  p.  21) 
who  describes  the  ornament  as  tubercles  of  variable  shape  from  rounded  to  somewhat 
elongate.  R.  gibberosus  was  designated  ‘Naum,  in  Jitt.'  by  Kedo  and  was  figured  but 
not  described  by  Naumova  (1953,  pi.  22,  fig.  110). 

The  genus  Retusotriletes  is  not  adopted  for  this  variety  since  curvaturae  perfectae 
(in  the  Middle  O.R.S.  studied)  is  a character  of  variable  occurrence  in  spores  which  are 
otherwise  identical.  Again  Kedo  figures  specimens  (1955,  pi.  1,  figs.  18,  19)  of  a single 
species  of  Retusotriletes  with  and  without  curvature.  The  genus  Retusotriletes  is  here 
restricted  to  smooth-walled  species,  no  specimens  of  which  have  been  seen  without 
curvaturae  (see  above). 


Genus  corystisporites  gen.  nov. 

Type  species.  C.  midtispinosus  sp.  nov. 

Diagnosis.  Radial,  trilete,  azonate  miospores,  with  sculpture  consisting  of  spinose  pro- 
cesses with  pointed,  blunt  to  slightly  expanded  apices;  triradiate  mark  with  lips  elevated 
in  the  form  of  an  apical  prominence  or  gula. 

Comparison.  The  prominent  triradiate  ridges  exclude  these  spores  from  the  genus 
Acanthotriletes  Potonie  and  Kremp;  the  genus  Lagenicula  is  closely  similar  but  is  a 
‘megaspore’  genus,  whereas  the  Scottish  spores  described  here  are  of  relatively  small 
size. 

Corystisporites  midtispinosus  sp.  nov, 

Plate  89,  fig.  10;  text-fig.  4 

Holotype.  Size  129 /x  (excluding  spines),  spines  15  to  18  /x  long,  number  of  spines  around  the  equator 
fifty-three.  Slide  MF.9,  reference  450893;  Hillhead  Beds  (Thurso  flagstone  group),  loc.  20.  Givetian. 

Occurrence.  Abundant  in  Hillhead  beds,  rare  in  ? Eday  beds,  Inganess  shore. 

Diagnosis.  Exine  covered  with  closely  packed  spines;  triradiate  ridges  membranous, 
elevated  to  form  an  apical  prominence. 

Description.  Size  range,  excluding  spines,  70  to  144 /x  (thirty  specimens  measured). 
Equatorial  outline  circular  to  subcircular;  outline  in  lateral  view  hemispherical  with 
flattened  proximal  surface.  Spores  originally  subspherical  flattened  at  the  proximal  pole. 
Exine  thicker  in  the  inter-radial  areas  covered  with  spines  which  often  have  swollen  bases 
and  pointed  apices,  a few  spines  have  blunt  slightly  expanded  tips;  spines  occasionally 
fused  in  groups  and  occur  in  more  or  less  concentric  rows;  spine  length  6 to  13  p,  num- 
ber around  the  equator  twenty  to  fifty-three.  Triradiate  sutures  not  seen  but  there  are 
triradiate,  membranous  ridges,  20  to  32  p high  (lateral  compression)  which  reach  the 
equatorial  margin;  seen  as  contorted  folds  in  polar  compression. 

Comparison.  Hymenozonotriletes polyacanthus  var.  major  Tchib.  1962  (Eifelian)  is  similar 
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but  has  a much  larger  size  range  (150  to  250  /u.)  and  appears  to  have  no  triradiate  lips 
or  apical  prominence. 

Genus  anapiculatisporites  Potonie  and  Kremp  1954 
Type  species.  A.  isselburgensis  Potonie  and  Kremp  1954. 

Anapiculatisporites  petilus  sp.  nov. 

Plate  89,  fig.  11 

Holotype.  Size  43x50 /a:  slide  CR.165,  reference  3911037.  Achanarras  horizon,  loc.  14. 


TEXT-FIG.  4.  Corystisporites  niultispinosiis  sp.  nov.,  lateral  com- 
pression showing  apical  prominence,  camera  lucida  drawing, 

X600. 


Occurrence.  Rare;  at  Achanarras  horizon  on  the  Navity  shore,  also  in  the  Thurso  beds,  and  a single 
specimen  was  found  in  the  ? Eday  beds. 

Diagnosis.  Exine  thick,  ornament  consists  of  short,  pointed,  slender  spines ; spine  length 
three  to  five  times  greater  than  width. 

Description.  Size  range  33  to  78  p (fifteen  specimens  measured).  Equatorial  outline  sub- 
triangular  with  convex  sides  and  rounded  apices.  Spines  2 to  5 |U,  high  less  than  \p  wide 
at  their  base;  ornament  confined  to  the  distal  surface  and  equatorial  margin;  about 
fifteen  around  the  periphery.  Triradiate  mark  nearly  equals  radius;  folds  along  tetrad 
rays,  often  contorted. 

Comparison.  A.  hispidus  Butterworth  and  Williams  1958  is  smaller,  has  a thinner  exine, 
and  a greater  concentration  of  spines  around  the  periphery. 

Derivation  of  name.  L.  petilus,  thin,  slender,  referring  to  the  thin  nature  of  the  spines. 
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Genus  verrucosisporites  (Ibrahim)  Potonie  and  Kremp  1954 
Type  species.  V.  verrucosus  Ibrahim  1933. 

Verrucosisporites  premniis  sp.  nov. 

Plate  90,  figs.  1,  2 

Holotype.  Size  72  p,  verrucae  10  to  12  p wide,  7 to  12/x  high;  slide  OR.34  reference  453916;  ? Eday 
flags,  loc.  4. 

Occurrence.  Eday  flagstone  group,  Orkney.  Givetian. 

Diagnosis.  Ornament  consists  dominantly  of  large,  parallel-sided  or  slightly  tapered 
verrucae,  but  smaller  sculptural  elements  are  also  present. 

Description.  Size  range,  excluding  ornament,  43  to  96  p (thirty  specimens  measured). 
Equatorial  outline  circular  to  subcircular.  Spores  show  no  preferred  orientation  and  are 
often  compressed  obliquely  and  laterally.  Exine  3 to  4 /x  thick.  Ornament  consists  mainly 
of  large,  often  closely  packed,  verrucae,  but  the  size  and  shape  is  variable  on  a single 
spore;  sculpture  mainly  conhned  to  the  distal  hemisphere  and  equatorial  margin;  width 
of  verrucae  usually  exceeds  height  but  occasionally  equals  it,  width  4 to  26  p,  height  4 
to  16  p;  in  profile  verrucae  usually  parallel-sided  or  slightly  tapered  with  flat,  slightly 
curved,  and  lobed  and  serrate  apices,  but  occasionally  more  conical  elements  with 
rounded  apices  occur;  ornament  in  plan  view  circular  to  oval,  polygonal  or  irregular. 
Verrucae  often  show  striations  parallel  to  apices,  number  around  the  equator  seven  to 
twelve.  Triradiate  mark  distinct,  two-thirds  to  nearly  equal  radius  of  the  spore. 

Comparison  and  remarks.  Spores  designated  J5  (Radforth  and  McGregor  1954)  from 
the  ? Lower  Devonian  of  Canada  resemble  V.  premnus.  Raistrickial  gibber osa  Hacque- 
bard  1957  is  also  similar  but  is  subtriangular  in  outline  and  has  more  regular  and  widely 
spaced  ornament.  Lophotriletes  aff.  rarituberculatus  (Sadcova)  Ischchenko  1958  is  closely 
similar  but  the  maximum  height  of  the  tubercles  is  3 to  6 p.  Lophozonotriletes  grandis 
Naum.  1953  has  smaller  verrucae.  L.  scurrus  var.  jugomaschevensis  Tchib.  1962 
(Givetian)  is  similar  but  the  sculptural  elements  expand  towards  their  apices. 

The  presence  of  large  and  small  sculptural  elements  on  individual  specimens  of  this 
species  is  a feature  which  may  eventually  warrant  generic  recognition. 

Derivation  of  name.  G.  premnos — stump,  referring  to  the  shape  of  the  dominant  ornament. 

Verrucosisporites  cf.  (al.  Acanthotriletes)  uncatus  (Naumova)  comb.  nov. 

Plate  89,  fig.  13 

Cf.  1953  Acanthotriletes  uncatus  Naumova,  pi.  1,  figs.  23,  24. 

Occurrence.  Eday  flags,  Orkney;  Givetian.  Top  of  Givetian  and  base  of  Frasnian,  U.S.S.R. 

Description.  Size  range  38  to  60  p (excluding  ornament);  Naumova’s  spores  40  to  45  p. 
Equatorial  outline  subcircular  to  subtriangular;  spores  show  no  preferred  orientation. 
Exine  thick,  covered  by  variable  ornament  consisting  of  verrucae  and  spines,  verrucae 
in  profile,  parallel-sided  to  slightly  tapered,  with  flattened,  lobed,  or  slightly  rounded 
apices;  in  plan  view  rounded,  polygonal,  or  irregular;  width  of  verrucae  2 to  10  p; 
height  2 to  6 /a,  width  usually  greater  than  height  but  occasionally  equals  the  height ; 
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number  around  the  equator  nine  to  fifteen.  Triradiate  mark  distinct,  rays  equal  or  nearly 
equal  to  the  spore  radius. 

Comparison  and  remarks.  These  spores  appear  identical  to  those  figured  by  Naumova 
(1953,  pi.  1,  figs.  23,  24),  the  ornament  is  very  similar,  consisting  of  a mixture  of  parallel- 
sided verrucae  with  flattened  or  lobed  apices  and  more  rounded  verrucae  and  cones. 
However,  many  of  the  Scottish  specimens  are  more  rounded  in  outline.  Filicitriletes 
densus  Luber  1955  is  also  similar. 

Verrucosisporites  cf.  (al.  Lophozonotriletes)  grandis  (Naumova)  comb.  nov. 

Plate  89,  fig.  14 

Cf.  1953  Lophozonotriletes  grandis  Naumova,  pi.  11,  figs.  5,  6. 

Occurrence.  Eday  flags,  Orkney,  Givetian;  Givetian  and  Frasnian,  U.S.S.R.,  Naumova  (1953)  and 
Kedo  (1957). 

Description.  Equatorial  outline  subcircular.  Size  range  51  to  60 /x  (on  five  specimens). 
Sculptural  elements  sparse,  consist  dominantly  of  verrucae  with  occasional  cones; 
number  around  the  periphery  nine  to  eleven;  verrucae  in  profile  more  or  less  parallel- 
sided with  rounded  or  flattened  apices;  in  plan  usually  subcircular  but  occasionally 
irregular;  usually  2 to  5 wide  (occasional  elements  up  to  10  p wide)  and  2 to  4 high. 
Triradiate  mark  simple,  Y-rays  nearly  equal  radius  of  spore. 

Remarks.  Typical  specimens  of  V.  cf.  grandis  have  sparse,  more  rounded,  and  smaller 
sculptural  elements  than  V.  cf.  proscurrus  (cf.  Naumova  1953,  pi.  11,  figs.  5,  6);  however, 
they  tend  to  show  gradation  to  specimens  of  the  V.  cf.  proscurrus  and  V.  cf.  imcatiis 
types. 

Verrucosisporites  cf.  (al.  Lophozonotriletes)  lebedianensis  (Naumova)  comb.  nov. 

Plate  89,  fig.  12 

Cf.  1953  Lophozonotriletes  lebedianensis  Naumova,  pi.  17,  fig.  42. 

Occurrence.  ? Eday  flags,  loc.  4. 

Description.  Equatorial  outline  subcircular.  Size  57  p (one  specimen).  Spore  covered  by 
thin-walled  ‘vesicles’  which  are  more  or  less  globular  in  shape;  ornament  confined  to 
the  distal  surface  and  equatorial  margin;  ‘vesicles’  8 p high  and  8 p wide.  Triradiate 
mark  distinct  nearly  equal  to  the  radius  of  the  spore. 

Comparison.  This  spore  closely  resembles  the  spore  figured  by  Naumova  (1953,  pi.  19, 
fig.  34)  which  is  from  the  Eamennian  of  the  U.S.S.R.  Naumova’s  species  does  not  appear 
to  have  true  zona  but  there  appears  to  be  a concentration  of  ornament  around  the 
equator;  there  is  no  such  concentration  in  the  specimen  described  above. 

Verrucosisporites  cf.  (al.  Lophozonotriletes)  proscurrus  (Kedo)  comb.  nov. 

Plate  90,  figs.  10,  1 1 

Cf.  1957  Lophozonotriletes  proscurrus  Kedo,  pi.  4,  figs.  18,  19. 

Occurrence.  Eday  flagstone  group,  Orkney.  Givetian.  Kaluga  beds  (Givetian)  and  Serotsvet  (Famen- 
nian),  B.S.S.R.  (Kedo  1955,  1957). 
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Description.  Size  range  45  to  64  p (fifteen  specimens  measured).  Equatorial  outline  cir- 
cular to  subcircular.  Ornament  consists  of  closely  packed,  broad  verrucae;  in  profile 
usually  parallel-sided  with  flat  apices  but  occasionally  rounded,  in  plan  view  rounded  to 
irregular  and  convolute;  a few  small  cones  occur  on  most  specimens;  width  of  verrucae 
usually  twice  the  height  but  occasionally  equal  to  it,  width  4 to  12  jj,,  height  2 to  6 /u; 
number  round  the  equator  seventeen  to  twenty-six.  Triradiate  mark  indistinct,  equal  or 
nearly  equal  to  radius  of  spore. 

Comparison  and  remarks.  This  species  differs  from  V.  premnus  mt\\Q  smaller,  more  densely 
packed  ornament.  In  V.  cf.  uncatus  the  ornament  is  more  sparse  and  irregular.  Lopho- 
zonotriletes  scurrus  Naum.  1953  (pi.  3,  figs.  22,  23)  has  sculpture  which  is  more  sparse, 
is  not  dominantly  broad  and  parallel-sided,  and  appears  to  be  fused  around  the  peri- 
phery to  give  a zonate  or  pseudozonate  structure.  L.  gromosus  Naum,  has  more  rounded 
sculptural  elements  but  forms  figured  by  Kedo  1955  (pi.  6,  figs.  11,  12)  as  L.  scurrus  and 
L.  gromosus  respectively,  closely  resemble  some  Scottish  spores. 

Genus  raistrickia  (Schopf,  Wilson,  and  Bentall)  Potonie  and  Kremp  1954 

Raisfrickia  sp.  A 
Plate  90,  fig.  3 

Occurrence.  Rare.  Cromarty  nodule  beds,  Navity  shore  and  ? Eday  beds,  Inganess,  Orkney.  Givetian. 

Description.  Equatorial  outline  subcircular.  Size  39  to  66  /x  (on  two  specimens).  Exine 
relatively  thick  but  folded;  covered  with  densely  packed  baculae  interspersed  with  slen- 
der spines  and  cones:  baculae  often  spatulate,  sometimes  nearly  parallel-sided,  5 to 
10  p high  and  2 to  10  /x  wide;  height  usually  twice  the  width  or  greater  but  occasionally 
equal  to  width.  Triradiate  mark  indistinct. 

Raistrickia  sp.  B 
Plate  90,  fig.  4 

Occurrence.  ? Eday  beds,  Inganess,  Orkney.  Givetian. 


EXPLANATION  OF  PLATE  90 

All  figures  X 500  except  where  indicated. 

Figs.  1-2.  Verrucosisporites premnus  sp.  nov.  1,  Elolotype,  oblique  compression.  2,  Specimen  with  some 
spatulate  sculptural  elements  and  showing  sculptural  elements  of  variable  size. 

Figs.  3-5.  Raistrickia  spp.  3,  R.  sp.  A,  distal  view.  4,  R.  sp.  B,  oblique  compression.  5,  R.  cf.  clavata 
Hacquebard  1957;  polar  compression. 

Figs.  6-7.  Convolutispora  cerebra  Butterworth  and  Williams  1958.  6,  Oblique  compression.  7,  Damaged 
specimen  showing  presence  of  two  layers,  the  inner  layer  is  not  visible  in  undamaged  specimens. 

Figs.  8-9.  Cainptotriletes  spp.  8,  C.  verrucosus  Butterworth  and  Williams  1958;  distal  view.  9,  C.  cf. 
corriigatus  (Ibrahim)  Potonie  and  Kremp  1955;  oblique  compression. 

Figs.  10-11.  Verrucosisporites  cf.  proscurrus  Kedo.  10,  Distal  view  showing  dominantly  flat  topped, 
parallel-sided  ornament.  11,  Distal  view  showing  sculpture  in  plan,  sculptural  elements  joined 
together  in  groups  by  narrow  connecting  ridges. 

Figs.  12-13.  Biharisporites  parviornatus  sp.  nov.  12,  Holotype,  lateral  view,  X 200.  13,  Specimen, 
laterally  compressed,  showing  smooth  proximal  surface  and  inner  body  connected  to  the  proximal 
surface  only,  x 300. 
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Description.  Size  range  (excluding  baculae)  64  to  103  /x  (three  specimens).  Equatorial 
outline  subcircular.  Exine  thick,  bears  large  spatulate  or  parallel-sided  processes  which 
are  often  greatly  expanded  at  their  apices;  10  to  24  p-  high,  base  8 to  18  /x  wide,  apices 
24  to  36  p wide;  baculae  show  transverse  striae  and  occur  on  the  distal  surface  and 
equatorial  margin.  Triradiate  mark  indistinct,  equal  to  two-thirds  of  spore  radius. 

Comparison.  Raistrickia  sp.  A has  cones  and  spines  interspersed  with  the  baculae. 
R.  clavata  Hacquebard  (1957)  has  a triangular  outline  and  smaller  baculae. 

Raistrickia  cf.  clavata  Hacquebard  1957 
Plate  90,  fig.  5 

Occurrence.  Rare.  ? Eday  beds,  Inganess,  Orkney.  Givetian. 

Description.  Size  54  to  60  p (two  specimens).  Baculae  parallel-sided  or  club-shaped, 
4 to  \ 2 p wide,  6 to  \ 2 p high,  width  usually  two-thirds  the  height  but  occasionally  equals 
it.  Number  around  the  equator  eight,  nine. 

Genus  biharisporites  Potonie  1956 
Biharisporites  parviornatus  sp.  nov. 

Plate  90,  figs.  12,  13;  text-fig.  5 

Holotype.  Size  328x344  p.  Slide  OR. 35,  reference  301962;  ? Eday  beds,  loc.  4. 

Occurrence.  Eday  flagstone  group. 

Diagnosis.  Relatively  large  triradiate  spores,  exoexine  bears  small,  closely  packed  sculp- 
tural elements  of  varied  type  which  are  dominantly  biform;  biform  elements  have  a basal 
part  of  varied  form,  terminated  by  minute  cones. 

Description.  Size  range  208  to  368  p (twenty-two  specimens  measured).  Outline  circular 
to  subcircular,  spores  originally  spherical  or  subspherical ; show  no  preferred  orientation 
on  compression.  Exoexine  thick,  commonly  folded,  covered  by  closely  packed  sculpture 
except  on  the  contact  areas  which  are  externally  smooth  but  infrapunctate.  Sculptural 
elements  of  variable  size  and  shape  on  a single  spore,  occasionally  fused  together  in 
small  groups  or  interconnected  by  narrow  ridges;  sculpture  consists  of  small  spines, 
cones,  rods,  and  rounded  tubercles,  all  four  types  are  often  terminated  by  minute  cones. 
Elements  1 to  4 /x  wide,  0-5  to  3-5  p high;  height  usually  equal  to,  or  less  than,  width  but 
occasionally  greater  than  width.  Contact  areas  smooth  and  ornament  surrounding  the 
contact  areas  is  usually  smaller  than  that  on  the  distal  pole.  Some  specimens  have  a thin- 
walled  intexine  (mesosporium)  which  is  often  folded  and  clearly  separated  by  a cavity 
from  the  exoexine.  Triradiate  mark  distinet  one-quarter  to  one-half  the  radius  of  the 
spore,  bordered  by  thickened  lips  4 to  5 wide,  occasionally  the  exoexine  is  folded 
along  the  Y-rays.  Curvaturae  perfectae  are  present  on  some  specimens. 

Comparison.  B.  ellesmerensis  Chaloner  1959  has  a similar  size  range  but  larger  sculptural 
elements,  B.  submamillarius  McGregor  1960  has  a greater  size  range  and  larger  sculptural 
elements.  RetusotriJetes  Joxuriosus  Tchib.  1962  (Lower  Eifelian)  is  similar  in  size  (300  to 
400  p)  but  the  sculptural  details  cannot  be  discerned  from  her  figure.  Similar  spores  have 
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been  found  in  the  sporangia  of  Archaeopteris  cf.  jacksoui  (Pettitt,  in  press),  from  the 
Upper  Devonian,  Scaumenac,  Canada. 

Infraturma  murornati  Potonie  and  Kremp  1954 
Genus  camptotriletes  Naumova  1937 

Type  species.  C.  coiriigcitiis  (Ibrahim)  Potonie  and  Kremp  1954. 

Camptotriletes  verrucosus  Butterworth  and  Williams  1958 

Plate  90,  fig.  8 

Occurrence.  Only  in  the  Basal  beds,  Easter  Town  Burn,  the  Eday  sandstone  and  the  flagstone  groups. 
Upper  Eifelian,  and  Givetian.  The  type  material  is  from  the  Lower  Carboniferous,  Scotland;  also 
Neves  (1961)  has  described  them  from  Lower  Namurian  A,  northern  England. 


TEXT-FIG.  5.  Biharisporites  parviornatus  sp.  nov. ; A,  portion  of  wall 
showing  sculptural  elements;  sculptural  elements  in  profile,  B,  and 
in  plan  view,  c;  camera  lucida  drawings,  X 1500. 

Remarks.  These  spores  are  indistinguishable  from  those  described  by  Butterworth  and 
Williams.  The  original  material  has  been  examined  and  the  holotype  closely  compared 
with  spores  found  in  the  Eday  beds. 

Camptotriletes  cf  corrugatus  (Ibrahim)  Potonie  and  Kremp  1955 

Plate  90,  fig.  9 

Occurrence.  ? Eday  beds,  loc.  4.  Givetian.  Westphalian  B and  C (Potonie  and  Kremp  1955). 

Remarks.  Only  one  specimen  has  been  found.  The  ornament  consists  of  a series  of  low 
ridges  which  bear  cones  (compare  pi.  16,  fig.  290,  Potonie  and  Kremp  1955). 

Genus  convolutispora  Hoffmeister,  Staplin,  and  Malloy  1955 
Couvolutispora  cerebra  Butterworth  and  Williams  1958 
Plate  90,  figs.  6,  7 

Occurrence.  ? Eday  beds  (Inganess)  and  Eday  flags,  Givetian.  Type  material  from  the  Lower  Carboni- 
ferous, Scotland. 


J.  B.  RICHARDSON:  MIDDLE  OLD  RED  SANDSTONE  SPORE  ASSEMBLAGES  577 

Remarks.  The  Orcadian  spores  are  indistinguishable  from  those  described  by  Butter- 
worth  and  Williams  (1958).  Type  material  has  been  examined  for  comparison. 

Genus  acinosporites  gen.  nov. 

Type  species.  A.  acanthomammillalus  sp.  nov. 

Diagnosis.  Radial,  trilete  spores.  Equatorial  outline  subcircular  to  subtriangular.  Orna- 
ment consists  of  a series  of  convoluted  and  anastomosing  ridges  which  bear  verrucae 
with  spines,  spinose  projections,  or  cones. 

Comparison.  The  genus  Acinosporites  has 
ornament  of  various  types  superimposed  on 
convoluted  ridges,  whereas  in  Convolutispora 
Hoffmeister,  Staplin  and  Malloy  (1955)  the 
ornament  consists  solely  of  convolute  and  an- 
astomosing ridges. 

Derivation  of  name.  L.  acino — berry. 

Acinosporites  acanthomammillatus  sp.  nov. 

Plate  91,  figs.  1,  2;  text-fig.  6 

1925  Type  I of  Lang,  pi.  1,  fig.  21. 

Holotype.  Size  100  X 106 /x,  verrucae  5p  high,  cones 
1-5  to  5 jw  high,  width  of  ridges  5 to  6 ja.  Slide  CR.80, 
reference  290905;  Cromarty  nodule  beds,  loc.  14. 

Occurrence.  Regularly  at  the  Achanarras  horizon, 
especially  common  in  Navity  shore  samples,  but  not 
found  in  the  highest  beds  examined  (Thurso  and  Eday 
beds).  A similar  type  of  spore  occurs  in  the  ? Eday  beds  text-fig.  6.  Acinosporites  acanthomammil- 
(Inganess)  but  it  is  much  smaller  (c.  45  p)  and  has  no  e>ov.,  holotype,  camera  lucida  draw- 

apical  prominence.  Givetian.  distal  view,  x 600. 

Diagnosis.  Ornament  consists  of  rounded  verrucae  which  bear  slender  cones  or  short 
slender  cones  or  short  slender  spines  at  their  apices.  Tubercles  are  borne  on  contorted 
and  anastomosing  ridges.  Triradiate  folds  equal  the  radius  of  the  spore. 

Description.  Size  range  85  to  141  p (thirty  specimens  measured).  Equatorial  outline  sub- 
triangular  with  convex  sides  and  rounded  apices,  one  apex  often  more  pronounced  than 
others.  Exine  thick;  bears  contorted  anastomosing  ridges  5 to  6 /x  wide;  superimposed 
on  the  ridges  are  rounded  verrucae  3 to  6 /x  high,  surmounted  by  slender  cones  or  spines 
with  pointed  or  occasionally  blunt  and  expanded  apices,  1-5  to  5 /x  long  and  1 to  2 /x 
wide  at  their  base ; ornament  confined  to  the  distal  surface  and  equatorial  margin,  ridges 
fused  into  tight  concertina-like  folds  around  the  equator.  Proximal  surface  externally 
smooth  and  infrapunctate.  A thin-walled  central  body  is  present  in  some  specimens  but 
is  usually  not  discernible.  Triradiate  membranous  ridges  6 to  28  ^ Ifigh  in  lateral  view,, 
from  contorted  folds  in  polar  view  which  reach  the  equatorial  margin. 
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Comparison.  This  species  is  distinguished  from  Acinosporites  macrospinosus  and  Acino- 
sporites  sp.  A by  having  short  rounded  verrucae  whose  height  is  more  or  less  equal  to 
their  width.  Apiculatisporis  (Azonotriletes)  spinotuberosus  Luber  1938  resembles  Acino- 
sporites acanthomammillatus  in  that  both  show  a similar  outline  and  have  rounded 
verrucae  tipped  by  cones,  however  it  is  not  known  whether  in  Luber’s  species  the  verru- 
cae were  borne  on  anastomosing  ridges.  Archaeozonotriletes  ardiius  Archangelskaya 
(1963,  pi.  8,  fig.  3)  is  similar  but  is  smaller  and  other  spores  placed  in  this  species  (pi.  8, 
figs.  1,  2,  4,  5)  appear  to  have  a zona.  This  species  is  from  the  Upper  Eifelian  of  the 
Russian  platform. 

Remarks.  The  closely  crowded  tubercles  seen  in  profile  around  the  periphery  of  the  spore 
are  not  entirely  due  to  the  height  of  the  muri  as  in  plan  view  distinct  swellings  can  be 
made  out  along  the  ridges  which  bear  slender  cones  or  spines  at  their  apices. 

Acinosporites  parviornatus  sp.  nov. 

Plate  91,  fig.  8 

Holotype.  Size  62x66  p;  verrucae  3 p high,  cones  approximately  0-5 /x  long,  ridge  width  2 to  3 ju,. 
Slide  CR.192,  reference  289888;  shales  in  basal  conglomerate,  loc.  12. 

Occiiirence.  Abundant  in  the  shale  intercalations  in  basal  conglomerate.  Millers  Bay,  Cromarty. 
Upper  Eifelian. 

Diagnosis.  Ornament  consists  of  narrow  anastomosing  ridges  which  bear  slender- 
pointed  cones. 

Description.  Size  range  50  to  104  p (on  fifteen  specimens).  Equatorial  outline  sub- 
triangular  with  convex  sides  and  rounded  apices.  Exine  bears  contorted  ridges  2 to  3 /x 
wide;  ridges  covered  by  closely  packed  verrucae  2 to  3 |(x  high;  surmounted  by  small 
cones  0-5  to  1 /x  long.  Ornament  confined  to  the  distal  surface  and  equatorial  margin. 
Proximal  surface  smooth.  Triradiate  mark  indistinct. 

Comparison.  The  small  verrucae  and  minute  cones  distinguish  this  species  from  A. 
acanthomammillatus. 


Acinosporites  macrospinosus  sp.  nov. 
Plate  91,  figs.  3-6 


EXPLANATION  OF  PLATE  91 

All  figures  X 300  except  where  indicated. 

Figs.  1-9.  Acinosporites  gen.  nov.  1-2,  A.  acanthomammillatus  sp.  nov.;  holotype,  at  different  levels  of 
focus,  polar  compression,  distal  view.  1,  Showing  the  tubercles  tipped  with  cones;  2,  showing  con- 
volute ridges.  3-6,  A.  macrospinosus  sp.  nov.  3,  Holotype,  polar  compression,  proximal  view;  4, 
lateral  compression  showing  apical  prominence;  5,  distal  view  with  convolute  ridges;  6,  distal  surface 
of  triangular  specimen  with  convolute  ridges  partially  opened  out.  7,  A.  cf.  macrospinosus  sp.  nov.; 
distal  view  of  specimen  closely  similar  to  the  holotype  but  much  larger,  X 200.  8,  A.  parviornatus  sp. 
nov.;  holotype,  obliquely  compressed.  9,  A.  sp.  A;  distal  view. 

Figs.  10-12.  Perotrilites  10-11,  P.  conatus  nov.  10,  Holotype;  1 1,  proximal  view  showing  fine 
wrinkling  of  the  outer  membrane,  X 500.  12,  P.  sp.,  specimen  with  finer  ornament  than  P.  conatiis. 
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Holotype.  Size  I03x  105;li,  spines  10-18 /a  long.  Slide  CR.19,  reference  318900;  Cromarty  nodule 
beds,  loc.  12. 

Occurrence.  Common  in  the  Cromarty  nodule  beds  especially  at  Millers  Bay;  also  in  the  Lower 
Stromness  beds,  Orkney,  Basal  beds,  Millers  Bay,  and  Thurso  beds,  Caithness,  and  south  side  of  the 
Moray  Firth  (Winewell  fish  band).  Upper  Eifelian  and  Givetian. 

Diagnosis.  Ornament  consists  of  spinose  processes  with  pointed  apices.  Triradiate  mark 
distinct  with  elevated  ridges  in  the  form  of  an  apical  prominence. 

Description.  Colour  brown  to  reddish-brown.  Size  range,  excluding  spines,  80  to  160  p. 
(thirty-five  specimens  measured).  Equatorial  outline  circular,  subcircular,  or  triangular; 
hemispherical  in  lateral  compression,  flattened  at  the  proximal  pole.  Exine  thick  covered 
by  anastomosing  ridges  which  are  often  convolute  and  closely  packed  but  on  some 
specimens  the  ridges  form  a loose,  irregular,  reticulate  pattern;  ridges  bear  spines  10  to 
50  p long  with  stout  often  swollen  or  bulbous  bases,  and  pointed  apices.  Ridges  fused 
into  tight  ‘concertina’  folds  around  the  contact  areas.  Triradiate  mark  with  pronounced 
elevated,  membranous  ridges  which  form  a distinct  apical  prominence;  21  to  52  p.  high 
in  lateral  view;  in  polar  compression  the  apical  prominence  forms  contorted  folds  which 
reach  the  equatorial  margin. 

Comparison.  This  species  differs  from  A.  acanthomammillatus  and  A.  sp.  A in  the  form 
of  ornamentation  that  is  superimposed  on  the  convolute  ridges.  In  the  case  of  A. 
macrospinosiis  the  ornament  consists  of  prominent,  pointed  spines. 

Derivation  of  name.  L.  spinosus — thorny,  macro — long. 

Acinosporites  sp.  A 
Plate  91,  fig.  9 

Occurrence.  Hillhead  beds,  rare. 

Description.  Size  around  90  p (on  four  specimens).  Equatorial  outline  subtriangular  with 
convex  sides  and  rounded  apices.  Exine  thick,  no  folds  seen.  Ornament  consists  of 
anastomosing  ridges  5 to  8 /x  thick;  ridges  bear  irregularly  shaped  spinose  processes, 
more  or  less  parallel-sided  with  rounded  extremities  and  widened  bases;  processes  15 
to  21  p.  long  and  number  about  sixteen  around  the  equator.  Small  cones  are  borne  on  the 
extremities  of  the  processes,  cones  1 to  5 long.  Ornament  confined  to  the  distal  surface 
and  equatorial  margin.  Proximal  surface  externally  smooth  but  infrapunctate.  Triradiate 
mark  distinct,  rays  equal  to  one-third  radius  of  the  spore. 

Comparison.  These  spores  are  very  similar  to  those  of  the  species  A.  acanthomammillatus 
but  differ  from  them  in  having  irregular  processes.  Both  A.  acanthomammillatus  and 
zl.  sp.  A have  blunted  ornament  which  bear  cones  at  their  extremities  A.  macrospinosus 
does  not  have  this  feature.  Lepiclozonotriletes  aculeatus  Hacquebard  appears  similar  and 
has  ornament  consisting  of  ‘plate-like,  scalloped  units,  fused  at  the  base  and  with  small 
spines  at  the  top’;  however,  Hacquebard’s  species  does  not  appear  to  have  the  convolute 
ridges  typical  of  the  genus  Acinosporites. 
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Subturma  perinotrilites  Erdtman  1947 
Genus  perotrilites  (Erdtman)  Couper  1953 
Perotrilites  conatus  sp.  nov. 

Plate  91,  figs.  10,  11 

Holotype.  Size  88  p,  central  body  77  p;  slide  CR.173,  reference  426899;  Achanarras  horizon  locality  13. 

Occiinence.  Cromarty  nodule  beds,  Achanarras  horizon;  Clava  and  Winewell  fish  beds,  Mey  beds,  and 
Eday  flags. 

Diagnosis.  ‘Perispore’  ornamented  by  cones,  short  pointed  spines,  or  both. 

Description.  Colour  of  perispore  yellow,  body  brown.  Size  range  60  to  132/r.,  central 
body  52  to  103  p (thirty  specimens  measured).  Equatorial  outline  subcircular.  Perispore 
thin,  delicate,  transparent,  often  minutely  wrinkled  and  contorted;  usually  not  much 
greater  than  the  body  in  diameter  but  occasionally  much  larger.  Central  body  completely 
enclosed  by  ‘perispore’,  attached  by  the  proximal  surface  only.  Central  body  smooth. 
‘Perispore’  ornamented  by  minute  cones,  1 or  less  high,  or  short  spines  3 to  4 /x  long 
with  pointed  tips.  ‘Perisporal’  membrane  often  formed  into  contorted  triradiate  folds. 
Triradiate  mark  on  the  spore  body,  simple,  rays  equal,  or  nearly  equal  to  body  radius. 

Comparison.  This  species  differs  from  other  species  of  Perotrilites  in  the  possession  of 
cones  or  short  pointed  spines.  The  ‘perispore’  of  Diaphanospora  riciniata  is  ‘apparently 
unornamented’  and  that  of  D.  perplexa  Balme  and  Hennelly  1962  is  infragranulate. 
Perotrilites  sp.  McGregor  1960  is  very  similar  but  has  a granulate  ornament.  Hymenozo- 
notriletes  discors  Tchib.  1962  (Givetian,  Bashkir)  is  similar  but  the  nature  of  the  outer 
membrane  cannot  be  made  out  from  Tchibrickova’s  figures. 

Remarks.  Specimens  from  the  Eday  beds,  Orkney,  are  larger  and  many  of  them  do  not 
have  a closely  adhering  ‘perispore’. 

Subturma  zonotriletes  Waltz  1935 
Infraturma  cingulati  Potonie  and  Klaus  1954 
Genus  densosporites  (Berry)  Potonie  and  Kremp  1954 

Type  species.  D.  covensis  Berry  1937. 

Densosporites  orcadensis  sp.  nov. 

Plate  92,  figs.  1,  2 

Holotype.  Size  121  X 134^,  cingulum  35  p wide,  slide  OR.26,  reference  3751021 ; ? Eday  beds,  loc.  4. 
Givetian. 

Occurrence.  All  samples  examined  from  the  Eday  flagstone  group. 

Diagnosis.  Dark  and  light  zones  of  cingulum  clearly  separated,  width  of  dark  zone  less 
than,  or  equal  to,  that  of  light  zone;  distal  surface  and  equatorial  margin  covered  with 
pointed  a bifurcate  spines.  Rays  of  tetrad  mark  equal  spore  radius. 

Description.  Colour  pale  yellow  to  brown,  inner  zone  of  cingulum  dark  brown.  Size 
range  103  to  157  (thirty  specimens  measured);  cingulum  22  to  51  p wide.  Equatorial 
outline  subtriangular.  Dark  and  light  zones  of  cingulum  distinct;  dark  zone  usually  half 
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the  width  of  light  zone  but  occasionally  equals  it;  outer  (light)  zone  membranous  some- 
times with  a scalloped  margin  and  often  of  unequal  width  being  wider  at  the  radial 
apices.  Outer  margin  of  dark  zone  sharply  defined  from  light  zone,  inner  margin  usually 
clearly  separated  from  central  area  but  sometimes  this  is  indistinct.  A thin-walled,  folded 
intexine  can  be  seen  in  some  specimens.  Distal  surface  and  equatorial  margin  of  spore 
bear  pointed  or  bifurcate  spines;  bifurcate  spines  are  slightly  tapered  for  two-thirds  of 
their  length,  then  often  sharply  constricted  so  that  the  bifurcation  is  borne  on  a slender 
stem;  alternatively  they  may  be  uniformly  tapered  throughout  their  length;  spines  3 to 
1 3 jj,  long  occur  on  distal  surface  and  equatorial  margin.  Triradiate  folds  often  accom- 
pany the  Y-rays. 

Comparison.  D.  orcadensis  differs  from  D.  devonicus  Richardson  1960  by  the  greater 
width  of  the  light  zone,  in  relation  to  the  dark  zone,  of  the  cingulum.  Also  the  outer 
margin  of  the  dark  zone  is  more  regular  in  D.  orcadensis.  Hymenozonotriletes  poly- 
acanthus  Naum.  1953  has  a similar  ornament  but  the  spines  are  not  so  clearly  bifurcate 
and  the  size  range  is  smaller.  H.  spinosus  Naum.  1953  has  pointed  spines.  H.  meonacan- 
thus  var.  rugosus  Kedo  1955  has  a narrow  dark  zone  but  has  pointed  spines  and  a smaller 
size  range. 

Genus  stenozonotriletes  Hacquebard  1957 
Type  species.  S.  conformis  Naumova  1953. 

? Stenozonotriletes  inequaemarginalis  sp.  nov. 

Plate  88,  fig.  9 

Holotype.  Size  50x  59  p,  border  6 p;  slide  CR.164b,  reference  3131049;  Cromarty  nodule  beds,  loc.  14. 
Occurrence.  Rare.  Cromarty  and  Edderton  nodule  beds,  Achanarras  horizon. 

Diagnosis.  Equatorial  outline  subtriangular  with  convex  sides  and  rounded  apices,  inner 
margin  of  border  more  distinctly  triangular  with  angular  apices;  border  thinner  opposite 
one  or  more  of  the  tetrad  rays;  triradiate  mark  simple,  two-thirds  to  four-fifths,  rays  do 
not  cross  border. 

Description.  Colour  brown  to  reddish-brown.  Size  range  46  to  66  p,  maximum  width  of 
border  5 to  6 ju.  (sixteen  specimens  measured).  Exinc  thick,  externally  smooth,  polar  area 
strongly  infrapunctate. 

Comparison.  S.  simplex  Naum,  is  similar  but  does  not  have  radial  thinning  of  the  border 
or  the  strong  infrapunctation  of  the  polar  area. 

Remarks.  These  spores  have  not  been  seen  in  oblique  compression  consequently  it  is  not 
certain  that  the  wide  border  is  an  equatorial  structure. 

Infraturma  zonati  Potonie  and  Kremp  1954 
Genus  samarisporites  gen.  nov. 

Type  species.  S.  (Cristatisporites)  orcadensis  (Richardson)  comb.  nov. 

Diagnosis.  Radial  trilete  zonate  spores.  Ornament  confined  to  the  distal  surface  consists 
of  conical  to  rounded  conical  projections,  verrucae,  or  both,  which  often  bear  cones  or 
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short  spines;  elements  may  be  clearly  separated,  arranged  in  concentric  patterns,  fused 
together  in  regular  rows  or  groups,  or  fused  into  irregular  convolute  groups. 

Comparison.  Cristatisporites  has  sculpture  on  the  proximal  and  distal  surfaces.  Cirratri- 
radites  does  not  have  such  prominent  distal  sculpture.  Spores  of  the  genus  Samari- 
sporites  are  closely  similar  to  certain  spores  included  in  Hymenozonotriletes  Naumova 
1953.  The  latter  genus,  however,  has  a wide  circumscription  and  was  subsequently 
emended  by  Potonie  1958  who  limited  the  genus  to  spores  with  a distinct  cingulum 
similar  to  that  of  Densosporites  (see  Potonie  1958,  p.  29). 

Remarks.  The  intexine  is  clearly  seen  in  most  specimens  although  in  distal  view  it  is  often 
obscured  by  a heavy  concentration  of  ornament  over  the  central  area. 

Derivation  of  name.  L.  samara — winged  fruit. 

Samarisporites  megaformis  sp.  nov. 

Plate  92,  fig.  6 

Holotype  and  occurrence.  Size  216x254;u;  central  area  130;U.  Slide  CR.188,  reference  469899;  Basal 
beds,  loc.  11.  Upper  Eifelian. 

Diagnosis.  Large  spores ; ornament  consists  of  rounded  and  pointed  cones  and  warts  on 
the  central  area  and  the  zona. 

Description.  Colour  yellow  with  yellow  to  dark-brown  central  area.  Size  range  184  to 
254  jj.  (on  eight  specimens).  Equatorial  outline  subtriangular  with  convex  sides  and 
rounded  to  pointed  apices;  central  area  rounded  or  subtriangular  in  proximal  view. 
Central  area  and  zona  clearly  separated.  Ornament  consists  of  rounded  verrucae  and 
cones,  and  verrucae  which  bear  cones  at  their  apices;  ornament  often  arranged  in  con- 
centric rows  and  sometimes  fused  into  groups,  which  may  form  a convolute  pattern, 
often  densely  packed  over  the  central  area.  Verrucae  and  cones  6 to  16  |U,  wide  on  the 
central  area,  smaller  and  more  cone-like  on  the  flange.  Number  of  cones  around  the 
periphery  twenty  to  forty.  Prominent  triradiate  folds  reach  the  equatorial  margin,  trilete 
sutures  not  seen. 

Comparison.  This  species  is  closely  similar  to  some  spores  placed  in  S.  orcadensis  but  is 
larger.  Hymenozonotriletes  macrotuberculatiis  Archangelskaya  (1963)  Upper  Eifelian  is 
similar  but  the  sculptural  elements  on  the  Russian  spores  are  more  densely  packed. 

Remarks.  Spores  placed  in  the  genus  Samarisporites  and  particularly  in  S',  megaformis 
appear  to  resemble,  in  general  organization,  those  of  the  genus  Calyptosporites  (Richard- 
son 1960,  1962).  However,  the  spores  of  the  latter  genus  often  show  folding  of  the  outer 


EXPLANATION  OF  PLATE  92 

All  figures  x 300. 

Figs.  1-2.  Densosporites  orcadensis  sp.  nov.  1,  Holotype,  distal  polar  view.  2,  Corroded  specimen 
showing  thin-walled  intexine  partially  separated  from  the  exoexine. 

Figs.  3-5.  ? Spinozonotriletes  cf.  nanmovii  (Kedo)  comb.  nov.  3,  Proximal  view.  4,  Specimen  with  body 
asymmetrically  placed,  ? pseudosaccate.  5,  Smaller  specimen  with  a narrow  and  less  dissected  margin 
than  fig.  3,  distal  view. 

Fig.  6.  Samarisporites  megaformis  sp.  nov.,  holotype,  distal  view. 
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membrane  which  does  not  affect  the  inner  one,  proving  that  the  spores  membranes  are 
separated  by  a cavity  (pseudosaccate).  Similarly  some  of  the  species  placed  by  Naumova 
(1953)  and  Kedo  (1955,  1957)  in  the  genus  Hymenozorwlrileles  can  be  distinguished  as 
pseudosaccate  since  they  show  similar  folds. 

Other  species  recorded  previously  in  Crislatisporites  (Richardson  1960)  are: 

Samarisporites  (al.  Cristatisporites)  orcadensis  (Richardson  1960)  comb.  nov.  Occurrence 
in  all  assemblages  except  those  from  the  Eday  group. 

Samarisporites  (al.  Cristatisporites)  conanmdatus  (Richardson  1960)  comb.  nov.  Occur- 
rence in  Achanarras  horizon,  rare. 

Samarisporites  {2i\.  Cristatisporites)  mediconus  {Rich.?Lxds,on  1960)  comb.  nov.  Occurrence 
in  Lower  Stromness  beds  and  Achanarras  horizon  (Black  Isle). 

Genus  spinozonotriletes  Hacquebard  1957 
? Spinozonotriletes  cf.  (al.  Archaeozonotriletes)  naumovii  (Kedo)  comb.  nov. 

Plate  92,  figs.  3-5;  text-fig.  7 

Cf.  1955  Archaeozonotriletes  naumovii  Kedo,  pi.  4,  fig.  8. 

Occurrence.  Givetian,  B.S.S.R.  (Kedo  1955).  Only  in  the  Eday  beds  (Givetian),  Scotland. 

Description.  Size  range,  excluding  spines,  85  to  231  (thirty-three  specimens  measured), 
central  area  62  to  157  ft.  Equatorial  outline  subcircular  to  subtriangular,  central  area 
subcircular  to  subtriangular  in  proximal  view.  Exine  consists  of  two  layers;  the  outer 
layer  (exoexine)  is  thick,  minutely  wrinkled,  infrapunctate,  and  extends  at  the  equator 
in  the  form  of  a thick  flange;  the  inner  layer  (intexine)  is  also  thick.  Exoexine  bears 
relatively  long,  widely  spaced,  stout  spines,  confined  to  the  distal  surface  and  equatorial 
margin;  the  spines  have  pointed  apices,  taper  uniformly  for  much  of  their  length  but 
have  wider  bases,  they  are  15  to  44  long  and  number  fourteen  to  twenty-one  around  the 
equator.  Triradiate  mark  indistinct,  equal  to  the  radius  of  the  ‘body’  of  the  spore; 
occasionally  there  are  well-developed  triradiate  folds  which  reach  the  equatorial  margin. 

Comparison.  The  spores  described  here  closely  resemble  Archaeozonotriletes  naumovii 
Kedo  (pi.  4,  fig.  8,  1955).  The  size  range  of  the  Scottish  spores  is  greater  but  in  the  nature 
of  the  fiange  and  the  nature  and  distribution  of  the  spines  they  appear  identical.  The 
type  species  Spinozonotriletes  uncatiis  Hacquebard  1957  also  resembles  S.  cf.  naumovii 
but  has  an  indistinct  central  body.  The  size  range  of  the  Scottish  spores  (85  to  206 p) 
almost  equals  the  sum  of  Hacquebard’s  and  Kedo’s  ranges  which  are  82  to  148  p and 
1 50  to  200  p respectively. 

Remarks.  The  structure  of  the  flange  appears  very  similar  to  that  seen  in  Ancyrospora 
grandispinosa  Richardson  (1962),  both  forms  differ  from  typical  members  of  the  Zonati 
in  the  thick  nature  of  the  flange.  However,  it  is  possible  that  a cavity  exists,  in  some  of 
these  spores,  between  the  two  membranes  but  none  of  the  spores  shows  any  sign  of  a 
lumen  in  optical  section,  with  the  possible  exception  of  the  specimen  figured  (PI.  92 
fig.  5).  If  many  of  these  forms  prove  to  have  a well-developed  cavity  then  a strong  case 
could  be  made  for  the  inclusion  of  these  specimens  in  the  genus  Grandispora. 
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Subturma  pseudosaccititriletes  subturma  nov. 

Diagnosis.  Trilete  spores  with  a well-developed  cavity  separating  any  two  layers  of  the 
exine  and  which  do  not  have,  in  addition,  a solid  flange.  The  exine  may  have  sculpture, 
infrastructure,  or  both. 

Comparison.  Spores  of  Pseudosaccititriletes  differ  from  those  of  other  subgroups  of 
turma  Triletes  in  having  a well-developed  cavity  separating  layers  of  the  exine.  It  would 


TEXT-FIG.  7.  ? Spinozonotriletes  cf.  naumovii  (Kedo),  camera  lucida  drawing,  X 500. 


seem  preferable  to  restrict  the  term  monosaccate  to  pollen-like  forms  with  a well- 
developed  columellate  structure  and  to  include  only  such  forms  in  subturma  Mono- 
saccites,  anteturma  Pollenites.  Examples  of  pseudosaccate  spores  are  Endosporites, 
Grandispora,  Reniysporites  and  the  genera  described  below. 

Discussion.  The  genera  and  species  described  below  are  usually  placed  in  the  group 
Monosaccites,  they  have  a variably  inflated  outer  membrane  which  is  commonly  folded. 
Further,  they  differ  from  certain  members  of  Monosaccites,  such  as  Florinites,  in  that 
they  do  not  have  an  infrareticulate  (columellate)  structure.  So  far  the  earliest  record  of 
spores  with  this  structure  is  from  the  Frasnian  of  the  U.S.S.R.  {Archaeoperisaccus 
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Naumova,  1953);  the  latter  genus  includes  pollen-hke,  monolete,  monosaccate  grains, 
some  of  which  show  an  infrareticulate  structure.  In  contrast  to  Florinites  (and  similar 
pollen-hke  grains)  the  spores  described  below  do  not  show  this  typical  saccus  infra- 
structure, and  in  many  cases  their  outer  wall  is  much  thicker  than  in  Florinites.  Therefore 
the  following  spores,  formerly  placed  in  the  monosaccate  group,  are  here  excluded  from 
it  and  are  referred  to  as  pseudosaccate.  The  growing  number  of  such  genera,  especially 
from  the  Devonian  and  Carboniferous,  is  here  considered  to  warrant  suprageneric 
recognition;  especially  since  the  inclusion  of  such  forms  (which  may  have  prominent 
spinose  ornamentation,  e.g.  Grandispora)  in  subturma  Monosaccites,  anteturma 
Pollenites,  could  be  misleading. 

Dettman  (1963)  reviews  the  major  spore  classifications  and  proposes  a new  classi- 
fication for  Sporites  (spores  sensu  stricto).  In  her  classification  a new  group  Perinotrilites 
(Erdtman)  is  proposed  for  ‘cavate’  spores.  This  group  consists  of  some  genera  pre- 
viously included  within  the  group  Monosaccites  in  addition  to  other  spores,  with  a 
diaphanous  outer  membrane,  which  in  the  present  paper  are  included  in  Perinotriletes 
Erdtman  {sensu  Potonie).  While  the  writer  is  in  sympathy  with  much  of  the  criticism  of 
present  classifications  (Dettman,  pp.  12-16),  Dettman’s  new  group  Perinotrilites  is  not 
used  here  for  the  following  reasons.  First,  the  use  of  the  group  name  Perinotrilites  in 
another  sense  could  cause  confusion.  Secondly,  in  the  author’s  view,  spores  with  a 
‘perispore’-like  outer  membrane,  e.g.  Perotrilites,  are  sufficiently  distinct  to  be  classified 
separately.  If  Potonie’s  classification  is  to  be  changed  in  this  respect,  evidence  is  needed 
to  show  that  the  outer  membranes  of  spores  of  the  genus  Perotrilites  are  basically  the 
same  as  in  forms  which  are  here  regarded  as  typically  pseudosaccate,  e.g.  Endosporites 
and  Colyptosporites.  Although  there  is  some  doubt  as  to  whether  the  outer  membrane 
of  spores  belonging  to  Perotrilites  (and  similar  genera)  is  a true  perispore,  the  outer 
membranes  of  such  spores  are  very  distinctive.  Dettman  herself  points  to  the  similarity 
between  the  outer  membrane  (‘outer  layer  of  sculptine’)  of  her  new  genus  Crybelo- 
sporites  and  the  perine  of  microspores  of  the  extant  genera  Pilidaria,  Marsilea,  and 
Regnellidium  stating  that  ‘ similar,  if  not  identical,  features  are  shown  by  all  three  species 
of  Crybelosporites'  (Dettman  1963,  p.  80).  Consequently,  in  the  present  paper,  the  group 
Perinotrilites  (sensu  Potonie)  is  retained  and  a new  group  is  proposed  as  outlined  above. 

Remarks.  The  term  cavate  is  not  adopted  here  because  it  has  several  current  usages, 
and  in  its  original  definition  by  Faegri  and  Iversen  (1950)  is  used  for  pollen  grains  with  a 
a columellate  structure;  as  such  it  is  synonymous  with  the  term  saccate. 

Subsidiary  taxa.  Since  the  spores  originally  placed  in  the  subgroup  Intrornati  and  Extror- 
nati  (Butterworth  and  Williams  1958)  are  here  regarded  as  pseudosaccate  the  taxa 
Intrornati  and  Extrornati  are  retained. 

Infraturma  intrornati  Butterworth  and  Williams  1958 
Genus  auroraspora  (Hoffmeister,  Staplin,  and  Malloy)  Richardson  1960 
Auroraspora  macromanifestus  (Hacquebard)  Richardson  1960 

Occurrence.  All  the  beds  throughout  the  area,  most  abundant  at  the  Achanarras  horizon;  Upper 
Eifelian  and  Givetian.  Lowermost  Mississippian,  Canada  (Hacquebard,  1957),  and,  ‘very  infrequent’ 
similar  forms,  from  the  Upper  Mississippian  (Staplin  1960). 
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Aworaspora  macromanifestus  (Hacquebard)  var.  major  var.  nov. 

Plate  93,  fig,  3 

Holotype.  Size  290 /x,  central  body  100  Slide  OR.  19,  reference  349855;  Lower  Stromness  flagstone, 
loc.  1.  Upper  Eifelian. 

Occurrence.  In  Lower  Stromness  flagstones,  and  Basal  beds,  Easter  Town  burn.  Upper  Eifelian.  Rare 
specimens  also  at  the  Achanarras  horizon. 

Diagnosis.  Large  spores  with  dominantly  subtriangular  equatorial  outline;  spores  have 
prominent  folds  along  the  tetrad  mark  which  reach  the  equatorial  outline. 

Description.  Size  range  270  to  306  ft,  central  body  90  to  143  ft  (ten  specimens  measured). 
Central  body  tends  to  be  small  in  relation  to  the  bladder. 

Comparison.  These  spores  differ  from  those  of  A.  macromanifestus  only  in  size. 

Aworaspora  micromanifestus  (Hacquebard)  Richardson  1960 

Plate  93,  fig.  1 

Occurrence.  Achanarras  and  Eday  beds,  Givetian.  Rare. 

Remarks.  Specimens  of  Aworaspora  from  the  Achanarras  horizon  have  a range  in  size 
and  body/bladder  ratio  which  includes  Hacquebard’s  micromanifestus  and  macro- 
manifestus. However,  in  the  Orcadian  sediments  A.  micromanifestus  is  rare,  whereas 
A.  macromanifestus  and  larger  forms  are  most  abundant. 

Auroraspora  minuta  sp.  nov. 

Plate  93,  fig.  2 

Holotype.  Size  95  X 98  ft,  body  80  ft.  Slide  OR.31,  reference  290102;  ? Eday  beds,  loc.  4. 

Occurrence.  Abundant  in  ? Eday  beds  (Inganess  shore)  and  also  in  the  Eday  flags,  but  not  in  other 
beds.  Givetian. 

Diagnosis.  Small  pseudosaccate  spores;  central  body  only  slightly  less  than  the  bladder 
and  often  eccentrically  placed,  attached  to  bladder  on  proximal  surface  only.  Triradiate 
mark  equals  radius  of  spore  body. 

Description.  Colour,  bladder  pale  yellow,  central  body  brown.  Size  range  50  to  108  ft, 
body  51  to  90  ft  (100  specimens  measured).  Ratio  of  central  body  diameter  to  whole 
diameter  68  to  95  per  cent,  (mode  80  to  85  per  cent.).  Equatorial  outline  of  bladder  and 
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All  figures  X 300  except  where  indicated. 

Figs.  1-3.  Auroraspora  spp.  1,  A.  micromanifestus  Hacquebard  1957,  proximal  view,  specimen  from  the 
Eday  beds.  2,  A.  minuta  sp.  nov.,  holotype,  polar  view.  3,  A.  macromanifestus  var.  major  var.  nov., 
holotype,  central  body  displaced,  proximal  view. 

Fig.  4.  Calyptosporites  velatus  (Eisenack)  Richardson  1962;  specimen  showing  large  triradiate  folds 
and  also  distal  folding  of  the  exoexine. 

Figs.  5-7.  Rhabdosporites  parvulus  sp.  nov.  5,  Holotype,  X 500.  6,  Obliquely  compressed  specimen  with 
asymmetrical  central  body,  x 500.  7,  R.  sp.  A,  spore  showing  three  layers,  distal  polar  view. 
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body  rounded,  to  rounded  triangular  or  irregular;  central  body  distinct,  only  slightly 
smaller  than  the  bladder  and  often  eccentrically  placed.  Bladder  thin,  often  strongly 
folded;  externally  smooth  and  infrapunctate,  occasionally  infragranular;  body  smooth. 
Triradiate  mark  distinct,  rays  equal  to  radius  of  body,  lips  thickened. 

Comparison.  A.  minuta  differs  from  other  species  of  Aworaspora  by  the  large  size  of  the 
central  body  in  relation  to  the  bladder,  further  the  bladder  is  a loose  structure  as  indi- 
cated by  the  frequent  asymmetrical  position  of  the  central  body.  In  contrast  A.  macro- 
manifestus  and  A.  micromanifestus  show  a symmetrical  arrangement  of  body  and  bladder 
and  were  probably  elliptical  in  cross-section  with  a more  rigid  bladder.  Further,  no 
triradiate  folds  have  been  seen  on  specimens  of  A.  minuta  although  bladder  folds  are 
common.  Hymenozonotri/efes  variabilis  Naum.  1953  resembles  A.  minuta  but  has  a 
triradiate  mark  which  reaches  the  equatorial  outline. 

Infraturma  extrornati  Butterworth  and  Williams  1958 
Genus  calyptosporites  Richardson  1962 

Type  species.  C.  velatus  (Eisenack)  Richardson  1960. 

Calyptosporites  velatus  (Eisenack)  Richardson  1962 
Plate  93,  fig.  4 

1944  Triletes  velatus  Eisenack,  p.  108  pars;  pi.  1,  figs.  1-3. 

1960  Cosmosporites  velatus  (Eisenack)  Richardson,  p.  52. 

1962  Calyptosporites  velatus  (Eisenack)  Richardson,  p.  192. 

Occurrence.  All  the  horizons  examined.  Abundant  generally  at  Achanarras  horizon  and  especially  in 
Coal  Heugh  shales;  Upper  Eifelian,  Givetian,  Scotland.  Middle  and  Upper  Givetian,  U.S.S.R. 

List  of  similar  forms 

Hymenozonotriletes  eehiniformis  Kedo  1955  (pi.  4,  fig.  1).  Upper  Givetian. 

H.  spinulosus 'Hanm.  1953  (pi.  8,  fig.  14),  Frasnian. 

H.  proteus  Naum.  1953  (pi.  4,  fig.  5),  Upper  Givetian,  Kedo  1955  (pi.  3,  fig.  10), 
Middle  Devonian;  this  form  differs  from  C.  velatus  in  the  nature  of  the  ornament 
which  consists  of  small  rounded  tubercles. 

H.facilis  Kedo  1957  (pi.  3,  fig.  2),  Famennian;  this  form  is  pseudosaccate  but  is  smaller 
than  C.  velatus  and  the  ornament  is  eoarser. 

H.  tenerUcYnh.  var.  eoncinnus  Tchib.  1962  (pi.  15,  fig.  3),  Eifelian,  appears  identical  to 
spores  placed  in  the  above  species. 

Also  the  writer  has  seen  forms  identieal  to  C.  velatus  in  Upper  Givetian  assemblages 
presented  by  Naumova  to  Alpern  (C.I.M.P.  stratotype  collection.  Department  of 
Geology,  University  of  Sheffield). 

Calyptosporites  microspinosus  Richardson  1962 

1960  Cosmosporites  microspinosus  Richardson,  p.  53;  pi.  14,  figs.  5-6. 

Occurrence.  Lower  Stromness  beds,  and  Basal  beds,  Easter  Town  burn.  Also  found  consistently  at  the 
Achanarras  horizon  but  not  found  above  this  level.  Upper  Eifelian,  Lower  Givetian. 
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Genus  rhabdosporites  Richardson  1960 


Type  species.  R.  langi  (Eisenack)  Richardson  1960. 

Rhabdosporites  parvidus  sp.  nov. 

Plate  93,  figs.  5,  6;  text-fig.  8 

Holotype.  Size  SO  p,  body  67  p.  Slide  OR.25,  reference  364980;  ? Eday  beds,  loc.  4. 

Occurrence.  Abundant  in  the  ? Eday  beds  (Inganess)  and  Eday  flagstone  groups  but  rare  in  lower  beds 
where  it  is  subordinate  to  R.  langi.  Upper  Eifelian  and  Givetian. 
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TEXT-FIG.  8.  Comparison  of  size  variation  in  Rhabdosporites  from  the  Cromarty  nodule  beds  and  the 

Eday  beds. 


Diagnosis.  Small  pseudosaccate  spores;  bladder  (exoexine)  covered  with  fine  rods. 

Description.  Colour  of  bladder  and  body  yellow  to  brown.  Size  range  59  to  94  p (mode 
75  ft);  central  body  44  to  87  p (mode  55ft);  ratio  of  body  to  spore  diameter  69  to  93 
per  cent,  (mode  80  to  85  per  cent.)  (on  100  specimens  measured).  Equatorial  outline 
of  both  bladder  and  central  body  subcircular  to  subtriangular;  central  body  usually 
placed  eccentrically  and  often  indistinct.  Bladder  ornamented,  uniformly  covered  by 
densely  packed  rods  which  are  parallel  sided  and  have  truncated  tips.  Central  body 
smooth.  Bladder  usually  shows  folds.  Triradiate  mark  distinct,  often  splayed  open;  rays 
equal  to  the  radius  of  the  body  of  the  spore,  occasionally  slightly  less. 

Comparison.  This  species  differs  from  that  of  R.  langi  by  its  smaller  size  range,  and  the 
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larger  size  of  the  central  body  in  relation  to  the  whole  diameter  (text-fig.  8).  Since  the 
bladder  is  not  as  loose  as  R.  langi  the  large  bladder  folds  are  not  present  although  small 
folds  are  often  seen.  Several  of  Naumova’s  species  of  Archaeozoiwtriletes  resemble  R. 
parvulus  but  unfortunately  the  ornament  of  the  Russian  forms  cannot  be  clearly  discerned 
from  the  drawings  or  descriptions.  With  this  reservation  the  following  species  are  thought 
to  be  comparable  with  the  Scottish  forms. 

Archaeozonotriletes  micromanifeslus  Naum.  1953  (pi.  2,  fig.  18),  most  of  the  spores 
figured  have  a smaller  body /bladder  ratio.  Upper  Givetian  and  Lower  Frasnian. 

A.  micromanifestus  var.  minor  Naum.  1953  (pi.  2,  fig.  19)  has  a similar  body/bladder 
ratio  but  smaller  size  range.  Upper  Givetian. 

A.  rugosits  Naum.  1953.  Frasnian. 

Hymenozonotriletes  varius  Naum.  1953  (pi.  3,  fig.  2,  Kedo  1955)  has  a smaller  size 
range.  Upper  Givetian. 

Similar  spores  have  been  found  in  sporangia  of  Archaeopteris  cf.  jacksoni  (Pettitt,  in 
press). 


Rhabdosporites  langi  (Eisenack)  Richardson  1960 

Occurrence.  In  all  samples  examined;  abundant  at  the  Achanarras  horizon  (Cromarty  nodule  beds) 
where  sporangia  occur  containing  this  species,  much  less  abundant  in  the  Eday  beds.  Upper  Eifelian 
and  Givetian  Scotland.  The  writer  has  also  seen  this  species  in  samples  from  Scaumenac  Bay  (Canada), 
Upper  Devonian  (regarded  as  basal  Erasnian  by  Westoll,  pers.  comm.). 

List  of  similar  species 

Hymenozonotriletes  polymorplius  Naumova  in  litt.  (in  Kedo  1955,  pi.  3,  fig.  8).  Eifelian 
(Nara  group),  size  range  100-120  p.  This  corresponds  with  the  lower  part  of  the  size 
range  of  R.  langi. 

H.  facetus  Archangelskaya  1963  (pi.  15,  figs.  1-6).  Uppermost  Eifelian  (Mosolov  group), 
size  range  105  to  176  p.  Probably  synonymous  with  R.  langi. 

Archaeozonotriletes  macromanifestus  Naum.  1953.  Upper  Givetian. 

A.  micromanifestus  Naum.  1953.  Top  of  the  Givetian  and  base  of  the  Frasnian.  Kedo 
1955  states  the  same  range  and  records  this  species  from  the  Luga-Oredezh  beds. 
Size  range  80  to  120  p,  Kedo  90  to  135  p. 

Rhabdosporites  sp.  A 
Plate  93,  fig.  7 

Occurrence.  ? Eday  beds,  loc.  4. 

Description.  Spores  show  three  distinct  membranes,  outer  membrane  covered  by  small, 
closely  packed  rods.  Size  range  146  to  224  p,  second  layer  129  to  172  p,  central  layer  90 
to  127  p (on  six  specimens).  Triradiate  mark  simple,  rays  equal  to  the  radius  of  the 
inner  layer. 


Comparison.  These  spores  are  like  R.  langi  except  that  they  show  three  distinct  layers. 

C 2514  Q q 
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THE  SEQUENCE  OF  SPORE  ASSEMBLAGES 

Four  microfloral  assemblages  can  be  distinguished  (text-fig.  9)  in  the  Middle  Old  Red 
Sandstone  of  the  Orcadian  basin.  The  lower  two  are  equivalent  to  the  upper  part  of 
Ptehchthyodes  Zone  of  Westoll.  The  third  is  more  or  less  equivalent  to  the  MiUerosteus 
minor  Zone  whilst  the  uppermost  spore  assemblages  are  equivalent  to  the  lower  part  of 
Microbrachius-Tristichopterus  Zone.  The  most  striking  changes  in  the  microfloral 
assemblages  occur  between  the  uppermost  microflora  and  those  of  the  lower  micro- 
floras. 

Pterichthyodes  Zone  (Upper  Wick  flagstone  group  and  Achanarras  horizon).  Strata 
below  the  Achanarras  horizon  are  collectively  referred  to  as  equivalents  of  the  Upper 
Wick  flagstone  group  and  not  the  Passage  beds  (Caithness  succession)  since  Miles  and 
Westoll  (1963)  have  demonstrated  that  the  stratigraphical  position  of  the  Passage  beds 
is  uncertain.  Strata  examined  in  this  zone  are,  first,  the  Upper  Wick  flagstone  group 
equivalents  in  Orkney,  Cromarty,  and  the  south  side  of  the  Moray  Firth,  and  secondly, 
the  Achanarras  fish  bed  and  equivalents  throughout  the  area.  In  strata  below  the  Acha- 
narras horizon  several  large  spore  types  have  been  found,  Auroraspora  macronianifestus 
var.  major,  Samarisporites  megaformis,  and  Ancyrospora  longispinosa.  The  latter  two 
types  have  so  far  only  been  found  in  these  beds  and  not  at  the  Achanarras  horizon. 
Apart  from  these  spore  types  the  assemblages  of  the  Upper  Wick  flagstone  group 
closely  resemble  those  of  the  Achanarras  horizon  but  certain  species  prominent  at  the 
latter  horizon  are  rare  or  absent  in  lower  strata. 

Achanarras  horizon.  This  horizon  is  distinctive  because  first,  certain  types  are  associated 
at  this  horizon  and  at  no  other,  and  secondly,  because  of  the  variety  and  abundance  of 
forms  with  bifurcate  processes.  The  species  Acinosporiies  acanthomammillatus  or  A. 
macrospinosus  are  frequently  abundant,  and  several  species  {Densosporites  devonicus, 
Ancyrospora  grandispinosa,  and  Calyptosporites  rnicrospinosus)  have  not  been  found 
above  the  Achanarras  horizon. 

MiUerosteus  minor  Zone.  Spore  assemblages  have  been  examined  from  samples  of  the 
Thurso  flagstone  group  (Mey  beds),  Caithness,  and  the  Inshes  and  Hillhead  beds  on  the 
south  side  of  the  Moray  Firth.  However,  they  are  too  few  to  give  an  accurate  representa- 
tion of  the  strata  of  the  MiUerosteus  Zone.  The  most  notable  features  of  these  beds  are 
first  the  absence  of  certain  species  especially  characteristic  of  the  Achanarras  horizon 
and  lower  strata,  and  secondly  that  spores  with  pointed  spines  are  important,  e.g. 
Acanthotriletes  multisetosus  var.  major  and  Corystisporites  muUispinosus;  the  latter 
species  is  very  abundant  in  the  Hillhead  beds. 

Microbrachius-Tristichopterus  Zone.  Spore  assemblages  from  the  ? Eday  flags  (Inganess 
shore)  and  Eday  flagstone  group  show  only  minor  differences  between  them  but  together 
differ  very  considerably  from  the  underlying  microfloral  assemblages.  Prominent  new 
species  include  Rhabdosporites  parvuhis,  Spinozonotriletes  cf.  naumovii,  Auroraspora 
minuta,  Biharisporites  parviornatus,  and  various  species  of  Verrucosisporites,  although 
some  species  of  the  latter  genus  appear  to  have  a rather  sporadic  distribution.  Ancyro- 
spora ancyrea  var.  brevispinosa  is  abundant  whilst  several  other  species  of  this  genus 
found  at  lower  horizons  are  absent  (Richardson  1962).  One  curiosity  is  the  occurrence 


TBCT'Fic.  9.  Range  chart  showing  spore  distribution  in  the  Middle  Old  Red  Sandstone  of  the  Orcadian  basin. 
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of  small  specimens  of  the  genus  Emphanisporites  which  are,  however,  very  rare.  This 
genus  has  not  been  found  in  any  of  the  other  samples  described  in  the  present  paper 
but  more  robust  specimens  of  this  genus  are  frequently  encountered  in  the  Basement 
Group. 

STRATIGRAPHICAL  CORRELATION 

Several  points  concerning  local  stratigraphical  correlation  within  the  M.O.R.S.  of 
north-east  Scotland  have  emerged  from  these  studies.  At  present  these  are  mainly  of  a 
general  nature  and  a great  deal  of  further  work  remains  to  be  done.  However,  on  the 
basis  of  the  present  evidence  the  following  points  can  be  made. 

First,  in  the  upper  part  of  the  Wick  Flagstone  group  (i.e.  below  the  Achanarras 
horizon)  the  assemblages  from  the  upper  part  of  the  Lower  Stromness  beds  (Orkney) 
agree  very  well  with  those  from  the  Basal  flagstones  of  Easter  Town  Burn  (south  side 
of  the  Moray  Firth),  a prominent  species  in  both  is  Ancyrospora  lougispinosa.  In  the 
Cromarty  shore  section  the  latter  species  is  found  only  at  the  base  of  the  sequence  in 
the  lowest  shale  band  intercalated  in  the  Basal  conglomerate  (text-fig.  1).  It  therefore 
seems  likely  that  A.  lougispinosa  will  be  a reliable  indicator  of  the  upper  part  of  the  Wick 
flagstone  group. 

The  second  point  concerns  the  close  similarity  between  the  microfloras  of  the  Acha- 
narras Fish  Beds  of  Orkney,  Caithness,  and  the  Black  Isle  with  those  from  the  Winewell 
fish  band  and  " Ptilophyton"  bed  (Easter  Tillybo)  on  the  south  side  of  the  Moray  Eirth. 
Both  the  " Ptilophyton’’  and  Winewell  spore  assemblages  contain  Deusosporites  devouicus 
and  Ancyrospora  grandispinosa  which  so  far  have  only  been  found  together  at  the  Acha- 
narras horizon.  These  two  species  occur  in  the  lower  part  of  the  nodule  beds  of  the 
Cromarty,  Navity  shore,  and  Eathie  burn  sections,  whereas  in  the  succession  on  the  south 
side  of  the  Moray  Firth,  they  have  only  been  found  together  in  the  Winewell  and 
' Ptilophyton'  beds.  In  the  underlying  strata,  however,  A.  grandispinosa  occurs  in  the 
Nairn-Clava  fish  band.  It  is  interesting  to  note  that  Westoll  (1951)  stated  that  the  fish 
faunas  of  the  Leanach  sandstones  (which  include  the  Winewell  fish  band)  contained  four 
typical  Achanarras  forms,  whereas  the  underlying  Nairn-Clava  bands  had  yielded  only 
one  characteristic  Achanarras  form. 

If  the  above  correlation  is  correct,  the  Nairn-Clava  fish  band  represents  a lower 
horizon.  Unfortunately  the  dark  flags  of  the  Nairn  fish  band  have  so  far  yielded  rela- 
tively few  spore  types  and  these  mainly  belong  to  long  ranging  species.  Consequently 
detailed  comparisons  cannot  be  made,  but  it  is  noteworthy  that  there  are  some  similarities 
between  the  Nairn  fish-bed  assemblages  and  microfloras  from  the  upper  part  of  the  shale 
intercalations  in  the  Basal  conglomerate  of  the  Cromarty  section. 

In  the  Thurso  flagstone  group  spore  assemblages  have  been  obtained  from  the  Inshes 
and  Hillhead  groups  on  the  south  side  of  the  Moray  Firth  and  the  Mey  beds  from 
Caithness.  Unfortunately  spores  from  the  Inshes  flagstones  are  badly  preserved  and,  in 
Caithness,  the  flags  from  Spital  quarries  (immediately  overlying  the  Achanarras  horizon) 
have  not  yielded  any  spores.  The  Mey  beds  are  thought  ‘to  correspond  to  an  upper  part 
of  the  Rousay  beds  of  Orkney’  (Miles  and  Westoll  1963)  and  contain  the  fish  MiJIe- 
rosteus  minor  and  Thursius  pholidotus.  The  Hillhead  beds  on  the  south  side  of  the  Moray 
Firth  also  contain  Millerosteus  (Coccosteus)  minor.  Spore  assemblages  so  far  obtained 
from  the  Mey  beds  are  very  different  from  those  of  the  ? Eday  beds  (Inganess,  Orkney) 
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TABLE  1.  Spore  species  distribution,  south  of  Moray  Firth 


Ptilo- 

Leanach 

phyton 

Sandstone 

Easter 

bed 

Group 

Town 

Nairn 

? Acha- 

(Winewell 

burn 

fish 

narras 

fish 

lushes 

Hillhead 

flagstone 

bed 

horizon 

band) 

Group 

beds 

Aiiroraspora  macromauifestus  var.  . 

major  ..... 

X 

Ancyrospora  longispinosa 

X 

A.  ancyrea  var.  spinobaculata 

X 

Calyptosporites  microspinosus 

X 

Retusotriletes  distinctus 

X 

X 

Samarisporites  orcadensis 

X 

X 

X 

Aiiroraspora  macromauifestus 

X 

X 

X 

X 

X 

X 

Trileites  langi  .... 

X 

X 

X 

Calyptosporites  velatiis  . 

X 

X 

X 

X 

Retusotriletes  dubius 

X 

X 

X 

X 

Calamospora  pannucea  . 

X 

X 

X 

X 

X 

Punctatisporites  confossus 

X 

7 

X 

X 

Rhabdosporites  langi 

X (a) 

X 

X 

X 

X 

X (A) 

A.  ancyrea  var.  ancyrea 

X (a) 

X 

X 

X 

X 

X 

A.  ancyrea  var.  brevispinosa  . 

X 

X 

X 

X 

X 

Perotrilites  conatus 

X 

X 

X 

Ancyrospora  grandispinosa 

X 

X 

X 

Acinosporites  macrospinosus  . 

X 

X 

X 

Perotrilites  bifurcatus  . 

7 

7 

Densosporites  devonicus 

X 

X 

Acinosporites  acanthomammillatus  . 

X 

X 

Hystricosporites  sp.  . 

X (r) 

Dibolisporites  cf.  correctus 

X 

X 

Acanth.  multisetosus  var.  major 

X 

X 

Corystisporites  multispinosa  . 

X (a) 

Dibolisporites  echinaceus 

X 

Spinozonotriletes  sp.  . 

X 

(r)  rare,  less  than  OT  per  cent,  of  total  assemblage;  (a)  abundant,  more  than  10  per  cent,  of  total 
assemblage. 


and  the  Eday  flags,  and  show  greater  similarities  to  the  Hillhead  beds.  Both  the  Hillhead 
and  Mey  beds  apparently  lack  many  of  the  species  characteristic  of  the  Achanarras 
horizon,  viz.  Retusotriletes  distinctus,  Calyptosporites  microspinosus,  Perotrilites  bifur- 
calus,  Densosporites  devonicus,  Ancyrospora  aitcyrea  var.  spmobaculata,  and  A.  grandi- 
spinosa.  At  the  same  time  there  are  some  dilferences  between  spore  assemblages  from 
the  Mey  beds  and  the  Hillhead  beds.  Further  work  is  necessary  to  determine  whether 
the  Thurso  flagstone  group  can  be  subdivided  on  the  basis  of  the  spores  and  whether 
differences  between  the  Mey  and  Hillhead  beds  are  stratigraphically  important. 

Strata  from  the  cliff  section  below  Inganess  farm  (Orkney),  previously  placed  by  the 
Survey  in  the  Upper  Rousay  group,  have  recently  been  equated  by  Miles  and  Westoll 
(1963)  with  the  Eday  flags.  Excellent  spore  assemblages  have  been  obtained  from  the 
Inganess  section  and  notably  from  grey  shales  immediately  above  the  lower  of  the  two 
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‘thin  bands  of  dark  flags’  referred  to  by  Miles  and  Wcstoll  (p.  205).  Spore  assemblages 
have  also  been  obtained  from  the  Eday  flags  of  Weethick  Point  and  Newark  Bay. 
Samples  from  both  these  localities  have  yielded  closely  similar  spore  assemblages  to  those 
from  the  Inganess  cliff  section  and  assemblages  from  all  three  localities  are  strikingly 
different  from  spore  assemblages  found  at  any  other  lower  horizon  in  the  Orcadian  basin 
(Table  2).  In  particular  the  Hillhead  and  Mey  beds  (equivalent  to  the  Upper  Rousay 
group)  have  very  different  assemblages  from  those  of  the  Inganess  shore  section. 
Consequently  the  evidence  provided  so  far  by  spore  assemblages  supports  the  correla- 
tion made  by  Miles  and  Westoll.  However,  it  is  not  yet  known  exactly  where  this  marked 
change  in  spore  assemblages  takes  place,  further  the  junction  between  the  Eday  and 
Rousay  groups  is  not  clearly  defined  (for  discussion  see  the  Orkney  Memoir  1935,  and 
Miles  and  Westoll  1963,  p.  204)  and  therefore  in  the  present  paper  the  Inganess  strata 
are  referred  to  as  ? Eday  flags. 


COMPARISONS  WITH  OTHER  REGIONS 

Comparative  studies  are  hampered  first  by  lack  of  a uniform  classificatory  system 
along  with  inadequate  description  and  illustration,  and  secondly  by  the  fact  that  the 
precise  age  of  the  Devonian  spore  bearing  rocks  is  not  known  accurately  in  many  cases. 
Spore  assemblages  which  most  closely  resemble  those  from  Scotland  were  described 
by  Eisenack  (1944)  from  an  erratic  block  (Baltic  shore,  Germany)  and  secondly  by  Kedo 
(1955)  from  Eifelian  and  Givetian  deposits  (north-east  Belorussiya). 

Eisenack’s  original  slides  have  been  examined  and  the  spores  are  strikingly  similar 
to  those  found  in  the  Orcadian  deposits  at  the  Achanarras  horizon.  All  his  species  are 
comparable  with  Orcadian  species  with  the  exception  of  Triletes  balticus  and  Emphani- 
sporites  erraticiis  (Eisenack)  McGregor  1961;  however,  Eisenack  only  recorded  one 
specimen  of  the  latter  species.  More  specifically,  species  of  Aworaspora  and  Calypto- 
sporites  are  the  same  in  both  Eisenack’s  assemblage  and  the  Scottish  material.  Also  spores 
of  the  genus  Ancyrospora  are  closely  comparable  although  there  are  minor  differences. 
Spores  of  these  three  genera  are  abundant,  show  a similar  range  of  variation  and  a com- 
parable size  range  in  both  assemblages.  Specimens  of  Rhahdospon'tes  langi  (Eisenack), 
Dibolisporiles  echinaceas  (Eisenack),  and  Retasotrilcfes  dabius  (Eisenack)  are  identical. 
Triletes  paravelatus  Eisenack  resembles  Samarisporites  orcadensis  but  is  one  of  the  few 
species  which  is  not  exactly  comparable.  Other  species  which  occur  at  the  Achanarras 
horizon  but  do  not  occur  in  Eisenack’s  assemblage,  although  persistently  present  in 
Orcadian  strata,  tend  to  be  only  locally  abundant,  e.g.  Acinosporites  spp.  and  Denso- 
sporites  devonicus  Richardson  1960,  or  only  of  minor  importance  quantitatively,  e.g. 
Perotrilites  spp.  Exceptions  to  this  are  Calaniospora  pawnicea  and  Retusotriletes  distinc- 
tus  which  are  abundant  in  the  Orcadian  sediments  but  do  not  occur  in  Eisenack’s 
assemblage. 

The  sequence  of  spore  assemblages  described  by  Kedo  (1955)  is  from  the  Nara 
(Narowa),  Kaluga,  and  Luga-Oredezh  series  which  were  all  regarded  as  Givetian  in  age. 
However,  the  Nara  beds  are  now  considered  by  Russian  workers  to  be  Eifelian  (Tchi- 
brickova,  pers.  comm.). 

Microfloras  from  the  Nara  and  Kaluga  beds  (especially  the  latter)  closely  resemble 
Scottish  microfloras,  although  the  present  use  of  a different  nomenclatural  system  by 
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TABLE  2.  Spore  species  distribution,  Caithness  and  Orkney 


Lower 

Stromness 

flags 

Achanarras 
Sandwich 
fish  bed 

Thurso 

Flag- 

stone 

Group 

(Mey 

beds) 

Lower 

Eday 

Sand- 

stone 

? Eday 
flags 

Eday 

flags 

Ach. 

Sand. 

Ancywspora  longispinosa 

X 

Auroraspora  macromanifestus 

var.  major 

X 

7 

Perotrilites  bifiircatiis 

X 

Samarisporites  mediconus 

X 

Densosporites  devonicus 

X 

X 

X 

Ancyrospora  ancyrea  var. 

spinobacidata 

X 

Calyptosporites  microspinosiis 

X 

X 

X 

Ancyrospora  graudispinosa 

X 

Acinosporites  acanthomammd- 

lotus  .... 

X 

X 

Hystricosporites  cf.  corystus  . 

X 

X 

X 

Retiisotriletes  distinctus  . 

X 

X 

Apicidatisporites  microconus  . 

X 

X 

Acinosporites  macrospinosus  . 

X 

X 

X 

Samarisporites  orcadensis 

X 

X 

X 

X 

Auroraspora  macromanifestus 

X (A) 

X 

X 

Acanthotriletes  cf.  horridus 

X 

X 

X 

Trileites  langi 

X 

X 

X 

X 

X 

Calyptosporites  velatus  . 

X 

X 

X 

X 

X 

X 

Retiisotriletes  dubius 

X 

X 

X 

X 

X 

X 

Calamospora  panniicea  . 

X 

X 

X 

X 

X 

X 

Punctatisporites  confossus 

X 

X 

X 

X 

X 

X 

Dibolisporites  gibberosiis  var. 

major  .... 

X 

X 

X 

X 

X 

X 

Rhabdosporites  langi 

X 

x(a) 

X 

x(a) 

X 

X 

Ancyrospora  var.  ancyrea 

x(a) 

X(A) 

x(a) 

X(a) 

X(r) 

x(r) 

Leiotriletes  sp.  . 

X 

X 

X 

X 

Camptotriletes  verrucosus 

X 

X 

Anapiculatisporites  petiliis 

X 

X 

7 

A.  ancyrea  var.  brevispinosa  . 

X 

X(A) 

x(a) 

Perotrilites  conatus 

X 

X 

Convolutispora  cerebra  . 

X 

X 

Acanth.  midtisetosus  var.  major 

X 

Densosporites  orcadensis 

X 

X 

Auroraspora  micromanifest  us  . 

X 

7 

Auroraspora  minuta 

X 

7 

Rhabdosporites  parvulus 

X 

X(a) 

x(a) 

jSpinozonotriletes  cf.  naumovii 

X 

X 

Verrucosisporites  premnus 

X 

X 

V.  cf.  proscurrus 

X 

X 

V.  cf.  grandis 

X 

Biliarisporites  parviornatus 

X 

X 

Dibolisporites  echinaceus 

X 

X 

Emphanisporites  cf.  rotatus 

x(r) 

x(r) 

(R)  rare,  less  than  OT  per  cent,  of  total  assemblage;  (a)  abundant,  more  than  10  per  cent,  of  total 
assemblage. 
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scientists  in  the  U.S.S.R.  tends  to  obscure  the  great  similarities.  The  following  species 
are  thought  to  be  comparable  if  not  synonymous. 


Nara-Kaluga  beds  (Kedo  1955) 

Retusotriletes  gibbewsus  var.  major  Kedo  1955 

R.  devoniciis  (Naum.)  Kedo  1955  ) 

R.  antiquus  (Naum.)  Kedo  1955  I 
Lophozofwtriletes  sciirnis  1953  \ 

L.  Naum.  1953  I 

Hymeiiozoiwtriletes  meonacanthiis  Naum.  1953 
H.  polyacanthiis 'Ha.um.  1953 
Arcbaeozonotriletes  naumovii  Kedo  1955 
//. Naum.  1953  ) 

H.  echiniformis  Kedo  1955  / 

H.  polymorphus  (Naum.)  Kedo  1955 
H.  variiis  Naum.  1953 

Archaeotriletes  ancylhis  (Naum.)  Kedo  1955 


Upper  Wick  flagstone  group-Achanarras-Thurso 
flagstone  group-Eday  group 
Dibolisporites  gibberosiis  var.  major  (Kedo)  nov. 
comb. 

Dib.  echiitaceus  (Eisenack)  nov.  comb. 

Verrucosisporites  proscurrus  (Kedo)  nov.  comb. 

Densosporites  devoniciis  Richardson  1960 
Den.  orcadensis  Richardson  sp.  nov. 

? Spinozonotriletes  naumovii  (Kedo)  comb.  nov. 
Calvptosporites  velatiis  (Eisenack)  Richardson  1960, 
1962 

Rhabdosporites  langi  (Eisenack)  Richardson  1960 
R.  parvidits  Richardson  sp.  nov. 

Ancyrospora  ancyrea  (Eisenack)  Richardson  1962 


Seven  of  these  Russian  species  are  important  quantitatively  in  the  Nara  and  Kaluga 
beds  and  are  similarly  well  represented  in  the  Scottish  succession.  A striking  difference, 
however,  is  the  relative  development  of  spores  with  prominent  bifurcate  spines  in  the 
two  areas.  There  is  a wide  variety  of  such  spores  in  the  Orcadian  deposits  and  many 
of  these  are  quantitatively  important.  On  the  other  hand,  spores  with  this  distinctive 
ornament  are  present  in  the  Nara  and  Kaluga  beds  but  are  not  so  abundant  or  varied. 

The  overlying  Luga-Oredezh  beds  have  a distinct  microflora;  nothing  comparable  to 
this  has  been  found  in  the  Orcadian  strata  although  some  species  resemble  those  more 
commonly  found  in  the  Eday  group.  In  the  Luga-Oredezh  beds  there  is  an  abundance  of 
ArchcieozonotrUetes  {seusu  Naumova)  species  which  have  thick  walls  with  sculpture  of 
verrucae,  cones,  and  spines,  and  are  pseudosaccate  (see  p.  584).  Similar  spores  are  abun- 
dant in  Naumova’s  assemblages  from  the  upper  part  of  the  Starooskol  beds  (Dg^), 
Upper  Givetian,  of  the  Russian  platform. 

Naumova  (1953)  does  not  describe  spores  from  the  Ryazhsko-Morsov  and  Kaluga 
beds  (Upper  Eifelian  and  Givetian  respectively,  Tchibrickova  pers.  comm.)  but  figures 
them  in  her  stratigraphical  distribution  table  (table  22).  Lew  species  were  figured  by 
Naumova  from  these  beds  but  several  of  these  spores  closely  resemble  those  from 
Orcadian  deposits.  They  are  as  follows: 


Leiotriletes  ataviis  Naum.  1953 
Retusotriletes  gibberosiis  Naum.  1953 
R.  devoniciis 'Hd.um.  1953  \ 

R.  antiquus  Naum.  1953  j 
Hymenozonotriletes  polymorphus  Naum.  1953 
H.  polyacantlius  Naum.  1953 


Calaniospora  pannucea  sp.  nov. 

Dibolisporites  gibberosiis  var.  major  (Kedo) 

D.  ecliinaceiis  (Eisenack)  comb.  nov. 

Rhabdosporites  langi  (Eisenack)  Richardson  1960 
Densosporites  orcadensis  sp.  nov. 


The  proportions  of  the  main  spore  species  for  these  beds  are  not  given  by  Naumova. 
The  absence  of  spores  with  bifurcate  processes  on  Naumova’s  chart  may  indicate  that 
such  spores,  if  present,  are  not  abundant  in  these  strata.  Spore  complexes  from  the  higher 
beds  (complexes  5 to  15)  are  dealt  with  in  detail,  and  there,  spores  with  bifurcate  pro- 
cesses are  present  but  not  abundant;  however,  none  of  the  various  species  with  this 
distinctive  ornament  is  plotted  by  Naumova  in  the  relative  abundance  charts. 
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More  recently  Archangelskaya  (1963)  has  described  spores  from  the  Upper  Eifelian 
to  Lower  Frasnian  from  the  eastern  part  of  the  Russian  platform.  Unfortunately  the 
whole  assemblage  is  not  described  as  the  work  only  deals  with  those  spores  which  are 
thought  to  be  new;  as  a result  only  specific  comparisons  can  be  made: 


RUSSIAN  PLATFORM 

Archaeozonotriletes  incrustatus  (Lower  Frasnian) 
A.  archills  (Upper  Eifelian) 

Hynieuozonotriletes  macrotiiberculatus 
(Upper  Eifelian) 

H.  longus  (Upper  Eifelian) 

H.  facetiis  (Upper  Eifelian) 

H.  hexus  (Upper  Eifelian-Lower  Givetian) 


SCOTLAND 

Trileites  laiigi  sp.  nov. 

Acinosporites  acanthomammillatus  sp.  nov. 
Samarisporites  megafonnis  sp.  nov. 

Calyptosporites  velatus  (Eisenack) 
Rhabdosporites  langi  (Eisenack) 

Perotr  Hites  count  us  sp.  nov. 


The  general  similarity  between  the  spores  from  the  Upper  Eifelian  is  interesting.  For 
instance,  broadly  similar  structural  types  such  as  large  zonate  and  pseudosaccate  types 
occur  in  both  the  Russian  platform  and  Scotland.  In  addition  the  same  typical  sculptural 
patterns  are  developed  in  spores  from  both  areas;  in  particular  spores  with  biform  sculp- 
tural elements  and  prominent  bifurcate  spines  are  a feature  of  the  Russian  and  Scottish 
assemblages. 

Further  east  in  the  region  of  Bashkiri  (south-west  Urals)  and  in  the  southern  Urals 
Tchibrickova  has  examined  spore  assemblages  of  Middle  Devonian  age  (Tchibrickova 
1959,  1962).  Spores  from  the  Takata  and  Calceola  beds  (Upper  Eifelian)  contain  a 
number  of  similar  forms  to  the  Scottish  beds,  notably  forms  similar  to  Dibolisporites 
gibherosus  var.  major  (Kedo)  comb,  nov.,  D.  echinaceus  (Eisenack)  comb,  nov.,  and 
Calyptosporites  velatus  (Eisenack).  However,  as  with  other  Russian  assemblages,  spores 
with  bifurcate  processes  occur  but  are  not  abundant  (Tchib.,  pers.  comm.).  Also 
monolete  spores  occur  in  the  Calceola  beds  but  have  not  been  found  among  any  of  the 
Scottish  assemblages. 

Spores  from  the  Barzas  coals  (Kutznetsk  basin,  western  Siberia,  U.S.S.R.)  were  de- 
scribed by  Elovskava  (1936).  These  beds  were  assigned  to  the  lower  part  of  the  Upper 
Givetian  (Markovsky  1958),  however,  in  the  size  of  the  spores  and  the  presence  of  spores 
similar  to  Aitroraspora,  Calyptosporites,  and  Rhabdosporites,  the  assemblage  closely 
resembles  the  Upper  Eifelian  and  Lower  Givetian  spore  assemblages  from  Scotland. 
No  spores  with  bifurcate  spines  were  recorded. 

Similarly  Thomson  (1940,  1952)  records  no  spores  with  anchor-shaped  processes  from 
the  ‘ Pterichthyoidesstufe  ’ of  Estonia  (Pernau  group  regarded  as  Lower  to  Middle 
Givetian  by  Thomson).  Apart  from  this,  many  elements  of  the  microfloras  appear  very 
similar  to  those  found  in  the  Orcadian  succession.  The  lack  of  spores  with  bifurcate 
processes  may  be  related  to  the  original  distribution  of  the  parent  plants,  or  alternatively 
may  be  stratigraphical  if,  for  instance,  the  Pernau  beds  were  older  than  Givetian.  With 
regard  to  the  latter  it  is  interesting  to  note  that  the  problematic  Basement  group  which 
lies  below  the  Upper  Eifelian  and  Lower  Givetian  beds  in  Scotland  has  so  far  not  yielded 
spores  with  bifurcate  spines  but  zonate  spores  are  present.  Also  the  Pernau  beds  lie 
below  the  Nara  beds  which  are  now  regarded  by  workers  in  the  U.S.S.R.  as  Eifelian. 

Considering  the  U.S.S.R.  as  a whole  the  microfloras  compare  very  closely  to  the  Scot- 
tish assemblages  in  many  respects.  This  is  especially  true  of  spore  assemblages  described 
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from  western  Belorussiya.  Further  to  the  east  Tchibrickova’s  assemblages  are  very 
similar  and  she  has  found  similar  spores  to  Rhabdosporites  Jangi,  Samarisporites  orca- 
densis,  S.  mediconus,  and  Ancyrospora  grandispinosa  in  strata  of  Uppermost  Eifelian 
and  Lowermost  Givetian  age  (pers.  comm.).  However,  although  these  are  close  simi- 
larities, the  low  proportion  and,  possibly  in  certain  cases  (Elovskava  and  Thomson), 
absence  of  spores  with  bifurcate  processes  in  all  these  assemblages  is  equally  striking. 
Since  the  beds  containing  these  assemblages  are  either  marine,  or  in  areas  where  marine 
and  continental  strata  interdigitate,  it  is  possible  that  the  two  facts  are  related,  and  it  is 
tempting  to  suggest  that  plants  producing  spores  having  this  distinctive  ornament  were 
more  common  in,  or  bordering,  fresh-water  environments.  However,  it  is  equally 
possible  that  some  of  the  anomalies  in  the  distribution  of  these  spores  may  be  more 
apparent  than  real  and  due  to  differences  in  age.  Further  work  on  more  accurately  dated 
deposits  may  show  if  either  of  these  interpretations  is  correct. 

In  the  North  American  continent  spores  have  been  recorded  from  Lower  and  ? Middle 
Devonian,  Radforth  and  McGregor  (1954,  1956),  McGregor  (1961),  and  Scott  and 
Rouse  (1961).  Erom  the  Upper  Devonian,  Arnold  (1936),  Hoffmeister,  Staplin,  and 
Malloy  (1955),  McGregor  (1960),  and  Winslow  (1962). 

Since  no  spore  assemblages  from  strata  definitely  of  Middle  Devonian  age  have  been 
described  in  the  literature  no  detailed  comparison  is  possible.  On  the  whole  the  Lower 
and  ? Middle  Devonian  assemblages,  so  far  described,  do  not  have  any  great  points  of 
similarity  with  Middle  Devonian  spores  from  Scotland  or  Eurasia.  However,  some 
Middle  Devonian  (Upper  Gaspe  sandstone)  spore  assemblages  currently  being  investi- 
gated by  McGregor  (pers.  comm.)  are  more  comparable  and  spores  of  the  genera 
Calyptosporites  and  Ancyrospora  are  present.  One  or  both  of  these  spore  types  are 
characteristic  of  Middle  and  Upper  Devonian  deposits  of  Europe  and  Asia.  More  de- 
tailed comparison  must  await  full  description  of  these  assemblages. 

Upper  Devonian  assemblages  so  far  described  from  North  America  are  on  the  whole 
very  different  from  the  Scottish  spores  but  several  genera  notably  Biharisporites,  Hystri- 
cosporites,  and  Ancyrospora  occur  in  both.  Only  one  Upper  Devonian  assemblage  from 
Canada  has  been  described  in  detail  (McGregor  1960)  and  this  was  from  a coal  which 
may  represent  a restricted  microflora.  Probably  greater  similarities  will  be  detected  when 
microfloras  are  fully  described  from  Upper  Devonian  deposits  other  than  coals. 

More  recently  Winslow  (1962)  published  a comprehensive  and  valuable  paper  which 
deals  with  megaspores,  miospores,  and  micro-plankton.  These  assemblages  are  from 
Ohio  (U.S.A.)  and  range  in  age  from  Middle  Devonian  to  Mississippian.  The  majority 
of  spore  types,  however,  are  from  the  uppermost  Devonian  and  lowermost  Carboniferous 
parts  of  the  succession.  Several  of  these  forms  could  be  included  in  genera  prominent 
in  Middle  and  Upper  Devonian  assemblages  elsewhere.  These  include  two  major  spore 
types;  first  large,  more  or  less  triangular,  pseudosaccate  forms  C Endosporites"  of  Wins- 
low, placed  in  this  paper  in  Auroraspora  and  Calyptosporites)  and  secondly  spores 
with  prominent  bifurcate  processes.  Both  of  these  groups,  each  of  which  include  several 
genera,  figure  prominently  in  Middle  and  Upper  Devonian  assemblages  from  various 
parts  of  the  world.  The  pseudosaccate  forms  referred  to  are  also  known  from  Lower 
Carboniferous  deposits  of  many  regions,  whereas  spores  with  bifurcate  processes  appa- 
rently decline  rapidly  in  importance  in  the  Lower  Carboniferous  (Richardson  1962). 
Winslow’s  work  tends  to  corroborate  this,  as  in  her  sequence  " Dicrospora'  (possibly  in 
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part  Ancyrospora  and  Hystricosporites  but  including  species  with  multifurcate  spines 
not  described  from  elsewhere)  and  ' Endosporites'  occur  together  in  the  uppermost 
Devonian  and  lowermost  Carboniferous,  whereas  higher  in  the  Carboniferous  (Upper 
Tournaisian)  spores  with  bifurcate  processes  were  not  recorded  (Winslow  1962,  pi.  23). 
Many  other  spore  types  described  by  Winslow  distinguish  her  assemblages  from  those 
of  Middle  Devonian  age  described  in  the  present  paper  and  elsev/here.  Two  points  arise 
from  the  comparisons : first,  there  is  a greater  development  of  megaspore  species,  and 
many  of  the  latter  have  a greater  size  range  than  any  spore  types  so  far  recorded  from 
Middle  Devonian  deposits;  secondly,  there  are  spores  with  well  developed  equatorial 
and  distal  thickenings  ^ Canihospora'  (?  Awmlatisporites)  and  Reticulatisporites  crassus 
(?  Knoxisporites)  occurring  in  the  uppermost  Devonian  and  Lower  Carboniferous  (Win- 
slow succession);  it  is  interesting  to  note  that  similar  forms  occur  in  Upper  Devonian 
deposits  elsewhere  (particularly  Famennian,  U.S.S.R.). 

Upper  Devonian  deposits  from  U.S.S.R.  have  assemblages  (Naumova  1953;  Kedo 
1957)  which  are  on  the  whole  very  different  from  the  Middle  Old  Red  Sandstone  spores 
from  Scotland.  However,  spores  probably  belonging  to  the  genera  Auroraspora,  Calypto- 
sporites,  Rhabdosporiles,  Hystricosporites,  Ancyrospora,  and  Perotrilites  occur  in  both. 
In  addition  to  these  similar  forms  there  are  spore  genera  in  the  Upper  Devonian  which 
have  not  been  found  in  the  Middle  Devonian  and  which  are  also  found  in  the  Lower 
Carboniferous,  notably  forms  with  well-developed  equatorial  and  distal  thickenings 
(?  Reticulatisporites  and  ? Knoxisporites)  and  also  forms  with  prominent  ornament  and 
an  equatorial  rim  {Lophozonotriletes).  In  the  Upper  Devonian  (Famennian)  of  Western 
Australia  the  same  applies  with  " Diaphanosporcd  (Perotrilites), ' Archaeotriletes'  (Hystri- 
cosporites), and  forms  similar  in  structure  to  Auroraspora  and  Calyptosporites 
(" Leiozonotriletes')  occurring  with  Retieidatisporites,  I Knoxisporites,  Cincturasporites, 
and  Pulvinispora  (the  last  two  genera  have  equatorial  and  radial  proximal  thickenings 
respectively). 

Although  assemblages  of  Carboniferous  spores  are  very  different  from  those  from  the 
Orcadian  basin,  certain  genera,  and  occasionally  species,  are  very  similar.  For  example, 
spores  of  the  genus  Auroraspora  occur  in  the  Lower  Carboniferous  deposits  of  Russia 
(Luber  and  Waltz  1938),  U.S.A.  (Hoflfm.eister  et  cd.  1954),  Canada  (Hacquebard  1957 
and  Staplin  1960),  and  the  British  Isles  (Butterworth  and  Williams  1958).  The  majority 
of  spores  of  this  type  are  much  smaller  than  the  Middle  Devonian  species.  An  exception 
is  ^ Endosporites' pseudoradiatus(V^\nsXo\N  1962),  but  this  species  has  other  features  which 
distinguish  it  from  Devonian  forms. 

Hacquebard’s  (1957)  microflora,  of  lowermost  Mississippian  age,  is  especially  interest- 
ing since  several  of  the  spores  described  closely  resemble  spores  found  in  the  M.O.R.S. 
of  Scotland.  The  species  Auroraspora  macromanifestus  and  A.  micro  manifest  us  are 
identical  to  spores  in  the  Orcadian  deposits.  The  size  range  of  the  Canadian  spores  most 
closely  resembles  the  spores  found  in  the  Eday  beds.  Also  certain  spinose  species, 
Acanthotriletes  horridus  and  Spinozonotriletes  uncatus,  are  similar  to  forms  found  in  the 
Eday  beds.  On  the  whole,  however,  Hacquebard’s  assemblage  is  different  from  those 
found  in  the  Middle  Old  Red  Sandstone. 

Several  species  described  by  Butterworth  and  Williams  from  the  Lower  Carboniferous 
of  Scotland  are  identical  to  spores  in  the  Eday  beds.  However,  the  whole  assemblage 
is  very  different. 
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Stratigraphical  importance  of  the  eomparisons.  Several  points  concerning  correlation  of 
Orcadian  sediments  arise  from  the  comparisons  (text-fig.  10)  of  Orcadian  microfloras 
with  those  from  other  regions. 

First,  the  exact  equivalent  of  the  Pernau  microfloras  described  by  Thomson  has  not 
yet  been  found  in  Scotland  and  these  beds  may  be  Lower  or  lower  Upper  Eifelian  in 
age,  although  it  must  be  noted  that  no  recent  description  has  been  made  of  the  Pernau 
microfloras  and  therefore  comparisons  are  difficult. 
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TEXT-FIG.  10.  Inter-regional  correlation  chart  showing  the  suggested  correlations  between  Scotland  and 
the  U.S.S.R.,  based  on  comparison  of  spore  assemblages. 

Secondly,  from  the  remarkable  similarity  between  Orcadian  M.O.R.S.  spore  assem- 
blages and  those  from  Nara  and  Kaluga  beds  (Upper  Eifelian  and  Lower  Givetian),  it 
seems  that  the  M.O.R.S.  succession  studied  in  Scotland  can  be  correlated  with  the  Nara 
and  Kaluga  beds  of  north-west  Russia.  On  the  microfforal  evidence  it  would  therefore 
seem  necessary  to  adjust  the  stratigraphical  table  published  by  Westoll  (1951)  so  that 
strata  from  the  Upper  Wick  flagstone  group  to  the  Eday  group  become  more  or  less 
equivalent  to  the  Nara  and  Kaluga  beds  of  north-west  Russia. 

Thirdly,  Nara-Ryazsko-Morsov  beds  are  now  equated  by  Russian  workers  with  the 
Upper  Eifelian.  If  this  fact  is  taken  into  account  with  the  above  comparisons  and 
applied  to  the  Orcadian  succession,  then  the  Achanarras  horizon  would  more  or  less 
represent  the  junction  between  Upper  Eifelian  and  Lower  Givetian  in  terms  of  current 
Russian  usage.  This  correlation  is  in  agreement  with  the  earlier  suggestion  of  Westoll 
(1951),  although  Westoll  partly  based  his  correlations  on  comparison  between  the 
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Achanarras  and  Pernau  floras  (Westoll  1951,  p.  12).  Further  Tchibrickova’s  record  (pers. 
comm.)  of  Rhabdosporites  laugi,  Samarisporites  orcadensis,  S.  medicoims,  and  Ancyro- 
spora  grandispinosa  from  strata  of  uppermost  Eifelian  or  lowermost  Givetian  age 
supports  this  correlation  since  all  these  forms  are  prominent  at  the  Achanarras 
horizon  and  the  latter  two  species  have  only  been  found  in  the  upper  part  of  the  Wick 
flagstone  group  and  at  the  Achanarras  horizon. 

CHARACTERISTICS  OF  DEVONIAN  MICROFLORAS 

The  above  comparisons  and  studies  of  Middle  Old  Red  Sandstone  spore  assemblages 
reveal  several  distinctive  features  of  Devonian  microfloras  in  general. 

First,  spores  with  thickened  curvaturae  perfectae  and,  or,  darkened  contact  areas 
appear  to  be  numerous  and  widespread  in  Devonian  strata.  The  darkened  contact  areas 
occur  in  spores  of  Calamospora  type  but  in  addition  occur  in  thicker  walled  spores 
Pimctatisporites  and  Retusotrdetes. 

Secondly,  spores  with  proximal  radial  thickenings  are  common  in  Devonian  deposits, 
they  appear  to  be  most  common  in  the  Lower  Devonian  but  also  occur  in  Middle  and 
Upper  Devonian,  and  Tournaisian.  Besides  the  genera  Emphanisporites  and  Pulvino- 
spora  such  thickenings  are  seen  in  some  spores  with  bifurcate  processes  (Dicrospora 
porcata  Winslow  1962). 

Monolete  spores  have  not  so  far  been  recorded  from  the  Lower  Devonian;  there  is 
one  record  of  their  occurrence  in  the  Middle  Devonian  (south  Urals,  Tchibrickova  1962) 
but  in  the  Upper  Devonian  they  are  much  more  frequently  encountered  and  have  been 
recorded  from  the  U.S.S.R.  (Naumova  1953;  Kedo  1955),  North  America  (HofTmeister, 
Staplin,  and  Malloy  1955;  McGregor  1960;  and  Winslow  1962),  and  Australia  (Balme 
and  Hassell  1962). 

Large  zonate  and  pseudosaccate  spores,  often  with  sculpture  consisting  of  rods,  cones, 
pointed  or  bifurcate  spines,  are  typical  of  Middle  Devonian  deposits  along  with  spores 
bearing  large  bifurcate  processes. 

Another  type  of  ornamentation  frequently  found  in  the  Middle  Old  Red  Sandstone 
of  Scotland  is  formed  by  verrucae  or  spinose  processes  which  bear  slender  spines  or 
cones  at  their  apices.  This  biform  sculpture  (see  text-flgs.  3,  5,  6)  occurs  on  spores  of  the 
genus  Dibolisporites  (D.  cf.  gibberosus  var.  major,  D.  echinaceas,  D.  cf.  correctus), 
Biharisporites  parviornatus,  Acinosporites  acanthomammillatus,  Acinosporites  sp.,  Samari- 
sporites  orcadensis.  Spores  of  the  first  two  species  appear  to  be  widespread  in  Europe  and 
Biharisporites  with  biform  ornament  has  been  recorded  from  the  Upper  Devonian  of 
Canada  (Chaloner  1959  and  McGregor  1960).  While  this  type  of  ornament  is  not  ex- 
clusively Devonian,  since  it  occurs  on  Lycopoditriletes  spinotuberosus  (Lower  Carboni- 
ferous, Luber  1955),  it  may  nevertheless  prove  to  be  a feature  most  conspicuous  in 
Devonian  deposits  with  waning  importance  in  the  Lower  Carboniferous.  Luber  states  that 
her  species  occurs  very  rarely  in  the  Karaganda  coals  but  has  not  been  found  elsewhere. 

Spores  so  far  described  from  the  Upper  Eifelian  and  Lower  Givetian  tend  to  be  rela- 
tively large.  In  the  Orcadian  deposits  several  genera  decrease  in  size  upwards  in  the 
succession  (e.g.  Auroraspora,  Ancyrospora,  Rhabdosporites).  In  the  higher  beds  (Eday 
group)  the  size  difference  between  the  smaller  and  larger  spores  is  more  marked  than 
in  the  lower  part  of  the  succession.  It  is  possible  that  the  largest  spores  found,  Trileites 
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kmgi  and  Biharisporites  parviornatus,  are  megaspores,  but  no  direct  evidence  for  this  has 
been  found,  and  size  alone  is  an  unsatisfactory  criterion.  However,  it  is  interesting  to 
note  that  Pettitt  (in  press)  has  found  similar  spores  from  heterosporous  plants;  he  has 
obtained  megaspores  and  microspores  from  Archaeopteris  cf.jacksoni  (Lower  Frasnian, 
Scaumenac,  Canada)  similar  to  Biharisporites  parviornatus  and  Rhabdosporites  parvidus 
respectively;  and  spores  which  are  closely  similar  to  Trileites  langi  from  Barinophyton 
richardsoni  (Upper  Devonian,  Perry,  Maine,  U.S.A.).  If  spores  from  Archaeopteris  cf. 
jacksoni  prove  to  be  diagnostic  of  this  plant  genus  then  this  would  indicate  the  presence 
of  Archaeopteris  in  the  Middle  Devonian.  Although  there  is  insufficient  evidence  to  form 
a basis  for  correlation  between  the  dispersed  spores  and  those  associated  with  Archaeo- 
pteris cf.  jacksoni,  the  fact  that  Biharisporites  and  Rhabdosporites  parvidus  occur  to- 
gether in  the  Eday  beds  and  are  not  found  elsewhere  in  the  succession  may  be  significant. 

Biharisporites  and  Trileites  from  the  Middle  O.R.S.  of  Scotland  are  small  in 
comparison  with  many  Carboniferous  megaspores  and  the  megaspore  content  so  far 
described  from  Middle  Devonian  microfloras  is  small  (in  size,  variety,  and  numbers) 
compared  with  Upper  Devonian  and  Carboniferous  microfloras  (Chaloner  1959  and 
Winslow  1962). 

Microfloras  so  far  described  from  the  Upper  Givetian  are  distinct  from  those  of  the 
lower.  Spore  assemblages  from  the  Starooskol  and  Luga-Oredezh  beds  (Upper  Givetian, 
U.S.S.R.,  Naumova  1953;  Kedo  1955)  contain  abundant  thick-walled  pseudosaccate 
spores  (often  with  external  ornament)  of  the  genus  Archaeozonotriletes  (sensu  Naumova). 
No  exact  parallel  of  this  microflora  has  been  found  so  far  in  the  Scottish  succession. 
However,  several  similar  species  of  Archaeozonotriletes  are  reported  from  the  Lower 
Givetian  of  Bashkiri  (Tchibrickova  1962). 

CONCLUSIONS 

The  close  correspondence  between  the  Scottish  microfloras  and  those  from  north- 
west Russia  illustrated  the  potential  use  of  Devonian  spores  for  inter-regional  correla- 
tion. There  are  also  some  interesting  microfloral  differences  which  may  be  ecologically 
controlled. 

Local  correlation  within  the  Orcadian  basin  can  also  be  achieved  on  a broad  basis  and 
the  findings  so  far  have  tended  to  corroborate  some  of  the  views  of  Westoll  (1951)  and 
Miles  and  Westoll  (1963)  on  correlation  within  this  area. 

In  the  Orcadian  sequences  the  genera  Ancyrospora  and  Rhabdosporites  are  the  most 
numerous  components;  together  they  constitute  50  per  cent,  of  the  assemblages  in  many 
samples.  This  is  especially  true  in  sequences  in  the  Cromarty  nodule  beds  where  the  pro- 
portions of  A.  ancyrea  var.  ancyrea  ranges  from  20  to  50  per  cent,  whilst  the  proportions 
of  R.  langi  range  from  6 to  32  per  cent.  In  the  majority  of  samples,  however,  A.  ancyrea 
is  by  far  the  most  abundant  species  ranging  from  40  to  50  per  cent.  The  occasional  abun- 
dance of  R.  langi  in  sediments  of  siltstone  and  fine  sandstone  can  be  correlated  with  the 
presence  of  sporangia  containing  this  spore  species.  The  species  Acinosporites  niacro- 
spinosus  is  relatively  abundant  in  certain  samples,  namely  the  mudstone-nodule  beds 
Millers  Bay,  Eathie  and  Killen  burns,  Winewell  fish  band,  but,  although  it  is  a persis- 
tent component,  in  other  samples  it  is  relatively  rare  (less  than  1 per  cent.).  There  is  also 
some  evidence  for  the  association  of  the  abundance  of  certain  spores  with  lithological 
type,  e.g.  the  laevigate  species  Calamospora  pannucea  and  Trileites  langi  occur  more 
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abundantly  in  coarser  sediments ; these  features  are  being  further  investigated.  In  spite 
of  the  variations  referred  to,  the  spore  assemblages  are  generally  well  mixed  and  differ- 
enees  at  a particular  horizon  are  usually  quantitative  rather  than  qualitative. 

Finally,  during  the  studies  of  spore  assemblages  no  acritarchs,  hystrichospheres,  or 
chitinozoa  have  been  found  and,  since  these  fossils  are  often  abundant  in  brackish  and 
marine  sediments,  their  absence  strongly  supports  the  prevalent  view  that  the  sediments 
of  the  Orcadian  basin  were  laid  down  in  fresh-water  environments. 
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fVest  Mainland,  Orkney 

1.  Exposure  on  Rackwick  foreshore  half  a mile  south  of  Billia  Croo  (G.R.220097).  Calcareous  and 
arenaceous  flagstone.  Lower  Stronmess  flagstone  group. 

2.  Foreshore,  north  side  of  Bay  of  Skaill  (GR. 2341 96).  Grey  calcareous  flagstones.  Sandwich  flsh  bed. 

3.  Stream  exposure,  quarter  of  a mile  west-south-west  of  Bryameadow  (G.R.253224).  Grey  calcareous 
flagstone.  Sandwich  flsh  bed. 

East  Mainland,  Orkney 

4.  Cliif  section  east  of  Inganess  Farm  (G.R.473093).  Series  of  grey  shales,  sandstones,  and  sandy 
limestone  exposed.  ? Eday  flagstone  group. 

5.  Foreshore,  quarter  of  a mile  south-east  of  Weethick  Point  (G.R.494095).  Grey-green  shales  and 
dark  flagstones.  Eday  flagstone  group. 

6.  Foreshore  west  of  Newark  Bay,  near  Muckle  Castle  (G.R.563032).  Light  grey  calcareous  flagstone. 
Eday  flagstone  group. 

Eday  Island 

1.  Foreshore,  south  of  Rushacloust  (G.R.546301).  Dark  bituminous  flsh  band.  Dark  laminated 
shales  and  grey  calcareous  shales.  Base  of  Eday  flagstone  group. 

Caithness 

8.  Foreshore,  south-east  side  of  Murkle  Bay  (G.R.  173693).  Grey  calcareous  flagstone.  Thurso  flag- 
stone group  (Mey  beds). 

9.  Achanarras  quarry,  west  of  Spital  village  (G.R.  150545).  Dark  grey,  finely  banded  calcareous  and 
bituminous  flagstones  overlain  by  light-grey  arenaceous  and  calcareous  flagstone.  Achanarras 
flsh  bed. 

Edderton 

10.  Edderton  burn,  half  a mile  south  of  Blackpark  farm  (G.R.674826).  Sandstones,  grey-green  shales 
with  limestone  nodules.  Achanarras  horizon. 

Cromarty-Blackisle  area 

11.  Foreshore,  east  of  Millers  Bay  (G.R.801673).  Black  shales  and  thin  limestone  bands  in  con- 
glomerates at  the  base  of  the  sequence.  Wick  flagstone  group. 

12.  Foreshore,  Millers  Bay  (G.R. 796674).  Red  and  green  sandstones,  grey-green  siltstones,  shales  and 
clays  with  limestone  nodules.  Achanarras  horizon. 

13.  Coal  Heugh,  stream  immediately  south  of  Millers  Bay  (G.R.796672).  Sandstones  grey-green  silt- 
stones  and  clays. 

14.  Foreshore,  south  of  Navity  Farm  (G.R.790646).  Red  and  green  sandstones,  shales,  grey-green 
shales  with  limestone  nodules.  Achanarras  horizon. 

15.  Eathie  burn  (G.R.782642).  Grey-green  shales  with  limestone  nodules  and  red-grey  siltstones. 
Achanarras  horizon. 

16.  Killen  burn  (G.R. 671573).  Sandstones,  grey  siltstones,  shales,  and  clays.  Achanarras  horizon. 

SOUTH  SIDE  OF  THE  MORAY  FIRTH 

Inverness-shire 

17.  Stream  exposure,  300  yards  north  of  Tower  (G.R. 716442).  Black  calcareous  shales  with  nodules. 
lushes  group. 

18.  Stream  exposure.  Eastern  Town  burn  (G.R.753428).  Black  calcareous  shales  with  limestone 
nodules  associated  with  conglomerates.  Wick  flagstone  group. 

19.  Clava  bridge,  Strathnairn  (G.R.759449).  Grey-green  sandstone,  overlain  by  black  calcareous  flag- 
stone. ? Achanarras  horizon. 

20.  Hillhead  quarry,  1 mile  south-east  of  Dalcross  station  (GR.776499).  Dark  grey  shales  and  grey 
micaceous  flagstone.  Hillhead  group. 
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21.  Lethen  House  quarry,  north  bank  of  Muckle  burn  (G.R.935516).  Red  and  green  siltstones,  shales 
with  limestone  nodules.  Achanarras  horizon. 

22.  Winewell,  roadside  exposure  (G.R. 9065 19).  Limestone  and  purple  and  green  shales.  Fish  band, 
? Achanarras  horizon. 

Aberdeenshire 

23.  Roadside  exposure,  half  a mile  east  of  Easter  Tillybo  (G.R.791592).  Yellow  shales.  Achanarras 
horizon. 


THE  BELEMNITE  GENERA  DICOELITES 
BOEHM  AND  PRODICOELITES  STOLLEY 

by  G.  R.  STEVENS 


Abstract.  Dicoelites  Boehm  (type  species  Belemnites  dicoeliis  Rothpletz)  contains  two  separate  groups  of 
belemnites  which  have  in  common  only  the  possession  of  a dorsal  as  well  as  a ventral  groove.  B.  dicoelus,  with 
a slender  elongate  cylindrical  guard,  belongs  to  one  group  and  Dicoelites  keeuwensis  Boehm,  with  a short  robust 
conical  guard,  to  the  other.  In  this  paper  the  name  Dicoelites  is  restricted  to  belemnites  of  the  dicoelus  group, 
to  which  Stolley  has  given  the  name  Prodicoelites,  and  a new  genus,  Coiiodicoelites,  is  proposed  for  those  of  the 
keeuwensis  group,  with  D.  keeuwensis  as  type  species.  Both  genera  and  their  main  species  are  described.  Dicoelites 
species  are  known  from  the  Middle  and  Upper  Jurassic  of  Indonesia,  South  America,  and  the  Himalayas  and 
Conodicoelites  from  the  Middle  and  Upper  Jurassic  of  Indonesia,  New  Zealand,  the  Himalayas,  Swiss  Alps, 
and  Polish  Carpathians. 

The  generic  name  Dicoelites  was  first  published  by  Boehm  (1906,  p.  389)  and  has  been  | 
in  constant  use  ever  since.  Species  have  been  described  from  the  Middle  and  Upper  i 

Jurassic  of  the  Swiss  Alps,  the  Carpathians,  Crimea,  the  Caucasus,  Siberia,  the  Hima-  | 

layas,  Indonesia,  and  New  Zealand. 

In  his  review  of  Indonesian  faunas  Boehm  (1906,  p.  389)  cited  two  species  as  belonging 
to  Dicoelites'. 

{a)  Belemnites  dieoehis  Rothpletz  from  Rotti,  Indonesia  (Rothpletz  1892,  p.  105,  pi. 

13,  figs.  9,  14-15); 

(b)  Belemnites  sukacutus  Suess  {nomen  nudum)  from  the  Himalaya  (Diener  1895,  pp. 

583-6); 

and  also  the  Belemnites  sp.  described  by  Dacque  (1905,  p.  153,  pi.  15,  figs.  11-12)  from 
Somaliland,  and  the  belemnites  from  Wai  Miha,  Sula  Islands  (Indonesia),  later  de- 
scribed by  Boehm  (1912). 

No  type  species  was  designated  by  Boehm  in  his  1906  paper,  but  Belemnites  dicoelus 
Rothpletz  is  the  type  species  by  monotypy  as  at  that  time  B.  sukacutus  Suess  was  a 
nomen  nudum  (see  p.  616). 

In  a discussion  of  Neumayr’s  (1889)  group  of  belemnites,  the  ‘Absoluti’,  Boehm 
(1909,  pp.  565-6)  discussed  Dicoelites,  referred  to  B.  dieoelus  Rothpletz  and  the  Wai 
Miha  belemnites,  and  also  included  in  the  genus  the  species  B.  meyrati  Ooster  (Swiss 
Alps),  B.  waageni  Neumayr  (Carpathians),  and  Belemnites  sp.  indet.  described  by 
Gottsche  (1878,  p.  8,  pi.  4,  fig.  2)  from  the  Argentinian  Cordillera. 

Dieoelites  was  fully  discussed  by  Boehm  in  1912  and  the  belemnites  from  Wai  Miha 
were  described  as  D.  keeuwensis  Boehm,  D.  cf.  keeuwensis  and  Dieoelites  sp.  In  the  same 
paper  B.  bisukatus  Stoliczka  and  B.  avena  Dumortier  were  included  in  Dieoelites  and 
Boehm  also  discussed  the  possibility  of  B.  budhaieus  Stoliczka  being  a Dieoelites. 

B.  dicoelus  is  based  on  two  fragments  (Rothpletz  1892,  pi.  13,  figs.  9,  14-15)  each  30- 
35  mm.  long;  one  an  apical  fragment  (fig.  9)  and  the  other  a stem  fragment,  and  this 
poor  preservation  probably  prompted  the  recognition  by  later  workers  of  B.  meyrati 
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Ooster  as  the  type  species  for  Dicoelites  (see  Biilow-Trummer  1920,  p.  133;  Naef  1922, 
p.  254;  Lissajous  1925,  p.  40).  This  designation  of  meyrati  as  type  species  is  invalid  as 
it  was  not  one  of  the  species  originally  mentioned  by  Boehm  (1906). 

Stolley  (1927,  p.  122;  1929,  pp.  116,  196)  recognized  that  Dicoelites  Boehm  contained 
two  separate  groups  of  belemnites,  which  have  in  common  only  the  possession  of  a dor- 
sal as  well  as  a ventral  groove.  B.  clicoelus  Rothpletz  belongs  to  one  group  and  Dicoelites 
keeinvensis  Boehm  to  the  other.  Stolley  restricted  the  name  Dicoelites  to  belemnites 
similar  to  D.  keeinvensis  and  B.  meyrati,  and  included  B.  clicoelus  in  a new  genus. 
Prodicoelites,  but  this  placing  of  B.  clicoelus  was  correctly  rejected  by  Spath  (1927-33, 
p.  663;  1935,  p.  222). 

The  group  of  B.  clicoelus  consists  of  belemnites  with  an  elongate  and  cylindrical  guard, 
a prominent  ventral  groove,  and  a dorsal  groove,  normally  less  prominent.  The  dorsal 
groove  is  extremely  variable  and  may  extend  the  length  of  the  guard,  making  the  dorsal 
and  ventral  surfaces  almost  identical,  e.g.  D.  stefaninii  Spath  (Spath  1935,  pi.  25,  fig.  3); 
but  more  commonly  the  dorsal  groove  is  short  and  weakly  developed,  e.g.  D.  mihanus 
Boehm  (Boehm  1912,  pi.  32,  fig.  10).  The  species  that  may  be  included  in  the  group 
typified  by  B.  dicoelus  are  as  follows:  D.  mihanus  Boehm;  B.  bisulcatus  Stoliczka 
(Stoliczka  1866,  pi.  8,  figs.  1 and  4,  not  figs.  2 and  3);  D.  stefaninii  Spath,  and  the  Prodi- 
coelites species  recognized  by  Stolley  (1929,  1935).  The  Dicoelites  described  by  Krimholz 
(1932,  pp.  37-38,  pi.  2,  figs.  18-32;  1953,  p.  54,  pi.  4,  figs.  5a-b),  D.fogdti  (Callovian  of 
Crimea),  and  D.  exiguus  (U.  Bajocian-L.  Bathonian  of  the  Caucasus)  are  species  of 
doubtful  affinity,  but  may  prove  to  be  members  of  the  dicoelus  group. 

The  group  of  D.  keeinvensis  consists  of  belemnites  with  a short  robust  guard,  conical 
in  outline  and  profile,  possessing  a well-developed  ventral  groove  extending  almost  to  the 
apex  and  a similarly  well-developed  but  slightly  shorter  dorsal  groove.  Other  species,  later 
included  by  Boehm  (1912,  pp.  136-8)  in  Dicoelites,  which  may  be  included  in  this  group 
are:  D.  cf.  keeinvensis  Boehm  (Boehm  1912,  pi.  32,  fig.  8),  B.  meyrati  Ooster,  and  B. 
waageni  Neumayr.  B.  sulcacutus  Suess,  cited  in  Boehm’s  original  generic  designation 
(1906,  p.  389),  was  a nomen  nudum,  but  it  has  since  been  validated  by  Stolley  (see  p.  616) 
and  is  a member  of  the  D.  keeinvensis  group. 

A number  of  species  have  been  incorrectly  assigned  to  Dicoelites  by  various  authors. 
B.  avena  Mayer  was  included  in  Dicoelites  by  Boehm  (1912,  p.  137)  and  Biilow-Trummer 
( 1920,  p.  133),  but  as  Naef  has  observed  (1922,  p.  254)  this  species  is  probably  a member 
of  the  Duvaliinae.  Biilow-Trummer  (1920,  p.  134)  also  included  B.  budhaicus  Stoliczka 
in  Dicoelites,  but  as  pointed  out  by  Stolley  (1929,  p.  213)  this  species  is  a Hibolitlies. 

Lissajous  (1915,  p.  27;  1925,  pp.  41,  101)  included  two  French  species:  B.  jacquoti 
Terquem  and  Jourdy  (Upper  Bajocian)  and  B.  pellati  de  Loriol  (Portlandian)  in  Dicoe- 
lites, but  this  generic  placing  is  not  confirmed  and  Biilow-Trummer  ( 1920,  pp.  145,  200) 
has  placed  them  in  Hibolitlies  and  Cylindroteuthis  respectively. 

Stolley  (1929,  p.  196)  recognized  the  belemnite  identified  and  figured  by  Boehm  (1912, 
p.  138,  pi.  32,  fig.  9)  as  Dicoelites  sp.  as  D.  impar  Stolley  (no.  G678.1905,  Mineralogical- 
Geological  Institute,  Utrecht;  not  found  by  the  writer,  1958,  and  by  Dr.  C.  W.  Drooger, 
1962),  but  it  is  thought  to  be  a Belemnopsis  variant  with  an  impersistent  dorsal  groove. 

Saks  (1961a,  b)  has  described  D.  bidgievi  Saks  and  D.  sibiricus  Saks  from  Siberia, 
which  he  grouped  with  forms  such  as  the  Prodicoelites  species  rather  than  with  conical 
forms  such  as  D.  meyrati.  However,  his  figured  specimens  appear  to  be  either  Hibolitlies 
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(Z).  bidgievi)  or  Belemnopsis  {D.  sibiricus)  guards  badly  affected  by  corrosion,  this  giving 
them  an  entirely  spurious  shape. 

The  heterogeneity  of  Dicoelites  Boehm  as  presently  recognized  makes  subdivision 
imperative,  but  not  with  the  nomenclature  proposed  by  Stolley.  Instead,  the  writer 
restricts  Dicoelites  Boehm  to  the  belemnites  allied  to  B.  dicoelus  and  proposes  a new  i 
genus,  Conodicoelites,  for  the  belemnites  allied  to  B.  meyrati  and  D.  keeuweusis.  j 

:i 


Genus  dicoelites  Boehm 


partim  Stevens  1964  {non  partim  Stolley  1927) 

1906  Dicoelites  Boehm,  p.  389  {partim,  non  Belemnites  sulcacutus  Suess  and  belemnites  from  Wai 
Miha,  Sula  Islands  later  recognized  (Boehm  1912)  as  D.  keeiiwensis  Boehm  and  Dicoe- 
lites sp.) 

1 927  Prodicoelites  Stolley  ( partim) ; Stolley,  p.  1 22  {B.  dicoelus  Rothpletz  and  D.  mihaniis  Boehm 
only). 


Type  species.  Belemnites  dicoelus  Rothpletz.  Upper  Jurassic,  Rotti,  Indonesia.  Rothpletz  1892,  p.  105, 
pi.  13,  figs.  9,  14-15.  Bayerische  Staatssammlung  fiir  Palaontologie  und  historische  Geologie,  Munich. 


Diagnosis.  Guard  slender  and  elongate,  hastate.  Length  about  eight  or  nine  times  maxi- 
mum transverse  diameter.  Outline  symmetrical,  hastate.  Position  of  maximum  trans- 
verse diameter  placed  posteriorly,  sides  of  guard  gradually  converging  anteriorly  to  form 
a long  almost  parallel-sided  stem  region.  Sides  of  guard  converging  posterior  to  position 
of  maximum  transverse  inflation  to  form  a sharply  pointed  apical  region  (apical  angle 
c.  10°).  Profile  symmetrical  and  similar  to  outline.  Cross-sections  of  guard  usually 
circular  or  compressed.  Median  ventral  groove  narrow  and  deep,  extending  from  the 
alveolar  region,  where  it  is  deepest,  to  the  posterior  extremity  of  the  apex.  Dorsal  groove 
narrow  and  shallow,  in  most  species  not  extending  very  far  backwards  from  the  alveolar 
region.  Lateral  lines  usually  present.  Alveolus  not  penetrating  deeply  into  the  guard. 
Apical  line  excentric,  ventrally  placed. 

Stratigraphic  distribution.  Dicoelites  appears  to  range  in  age  from  the  Callovian  to  Oxfordian,  but  may 
extend  into  the  Lower  Kimeridgian  (see  p.  617). 

Deseribed  species.  Stolley  (1929,  1935)  described  a number  of  new  species  of  Prodi- 
coelites (i.e.  Dicoelites  Boehm  s.str.  Stevens)  from  Indonesia  but  their  validity  has  been 
questioned  by  Spath  (1927-33,  pp.  662-3;  1935,  p.  223).  In  view  of  this  criticism  the 
writer  proposes  to  review  and  consolidate  the  previous  work  on  the  B.  dicoelus  group  of 
belemnites,  based  on  an  examination  of  the  material  available  in  the  collections  of 
the  Technical  University,  Delft  (Boehm,  Jonker,  MolengraaflT,  Verbeek  Collections); 
Utrecht  University  (van  Nouhuys  Collection);  Bonn  University  (Wanner  Collection); 
Gottingen  University  (Tornquist  Collection);  and  the  Natural  History  Museum,  Basel 
(Weber  Collection).  Spath  doubted  the  taxonomic  value  of  dorsal  grooves  in  belemnites 
and  stated  that  the  belemnites  grouped  by  Stolley  under  Prodicoelites  are  ‘ . . . a hetero- 
geneous assemblage  of  individual  variations  of  different  groups  of  Belemnopsis  . . .' 
(Spath  1927-33,  p.  663).  The  writer  agrees  with  Spath  that  Stolley  included  some 
Belemnopsis  variants  in  Prodicoelites.  The  specimens  figured  by  Spath  (1927-33,  pi.  124, 
figs.  6,  8)  are  regarded  as  Belemnopsis  variants.  Also  the  belemnite  identified  as  B. 
tanganensis  (Futterer)  by  Spath  (1927-33,  p.  10)  and  included  in  Prodieoelites  by  Stolley 
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is  a Belemnopsis  with  a slight  dorsal  groove.  Similar  specimens  from  the  Bajocian  of 
Western  Australia  (cuttings  at  Geraldton  and  Bringo:  see  Whitehouse  1924)  have  been 
examined  by  the  writer;  like  Spath’s  specimens,  these  are  indistinguishable  from 
Belemnopsis,  except  that  a dorsal  groove  of  variable  nature  is  present  in  some  individuals 
(cf.  Stolley  1927,  p.  122,  footnote).  Spath  (1927-33,  p.  10;  see  also  Stolley  1927,  p.  122, 
and  1929,  p.  178,  footnote  2)  noted  the  presence  of  a shallow  dorsal  alveolar  groove  on 
Waagen’s  specimen  of  B.  gerardi  Oppel  (Waagen  1873-5,  p.  13,  pi.  2,  fig.  3)  and  a similar 
groove  has  been  noted  by  the  writer  on  two  specimens  of  a new  Belemnopsis  from  the 
Bajocian  of  New  Zealand. 

The  majority  of  the  Belemnopsis  variants  referred  to  above  have  weakly  developed 
dorsal  grooves ; but  in  the  Somaliland  species,  D.  stefaninii  Spath,  the  dorsal  groove  is 
almost  as  well  developed  as  the  ventral  groove,  and  as  Spath  (1935,  p.  222)  remarked, 
‘.  . .in  some  apical  halves  it  is  impossible  to  distinguish  the  two  sides’.  However,  as 
Spath  (1935,  p.  223)  pointed  out,  except  for  the  presence  of  the  dorsal  groove,  the  guard 
of  D.  stefaninii  is  identical  with  that  of  B.  tanganensis  (Futt.):  cf.  Spath  1935,  pi.  25,  figs. 
2,  3.  Spath’s  specimen  of  B.  tanganensis  came  from  the  top  of  the  Gahodleh  Shales, 
whereas  the  specimen  of  D.  stefaninii  came  from  the  base  of  the  Daghani  Shales  (Spath 
1935,  pp.  206-8;  Arkell  1956,  pp.  308-9),  being  separated  by  the  Wanderer  Limestone 
(103  metres).  Thus  D.  stefaninii  may  represent  a late  development  of  B.  tanganensis. 
Spath  (1935,  p.  223)  stated  that  some  of  his  specimens  of  B.  tanganensis  showed  a slight 
dorsal  groove.  It  appears  that  the  dorsal  groove  may  have  become  extended  in  later 
forms. 

Dicoelites  litt/ei  Stefanini  (1925)  has  a narrower  ventral  groove  than  D.  stefaninii  and 
B.  tanganensis,  and  is  perhaps  comparable  to  the  specimen  from  Kachh  figured  by 
Spath  (1927-33,  pi.  124,  fig.  8).  Like  D.  stefaninii,  D.  littlei  appears  to  be  a variant  of 
Belemnopsis. 

A similar  impersistent  dorsal  groove  apparently  also  occurs  in  some  Hibolithes. 
Stolley  (1927,  p.  122;  1929,  p.  184)  noted  such  a groove  in  specimens  of  H.  wuerttem- 
bergicns  (Oppel)  from  north-west  and  southern  Germany,  but  the  writer  has  not  seen 
such  a feature  in  the  Hibolithes  he  has  examined.  These  specimens  noted  by  Stolley 
(and  included  by  him  in  Prodicoelites)  are  regarded  as  Hibolithes  variants  (see  Naef  1922, 
pp.  249,  254). 

Nevertheless,  some  forms  originally  included  in  Prodicoelites  by  Stolley  differ  from 
Belemnopsis  (and  Hibolithes)  in  other  respects  than  in  possessing  a dorsal  groove,  and 
these  are  particularly  typified  by  the  Prodicoelites  described  from  Indonesia  by  Stolley 
(1929).  These  Prodicoelites  differ  from  Belemnopsis  in  that  their  guards  are  very  elongate 
and  cylindrical  and  are  often  markedly  compressed,  with  flattened  sides,  and  the  ventral 
groove  is  of  a different  type:  narrow  and  deep,  becoming  slit-like  in  the  alveolar  region. 

Most  of  Stolley’s  Prodicoelites  material  from  Indonesia  is  fragmentary,  though  some 
of  the  Jamdena  localities  have  yielded  some  reasonably  complete  specimens  (Weber 
Collection,  Basel.)  The  fragmentary  nature  of  the  material  is  probably  a result  of  the 
extreme  attenuation  of  the  guard,  rendering  it  susceptible  to  fracturing,  and  also  due  to 
the  friable  nature  of  the  enclosing  rock,  usually  siltstone.  Thus  many  of  Stolley’s  Prodi- 
coelites species  were  based  on  fragments. 

Stolley  recognized  eight  Indonesian  species  of  Prodicoelites  in  his  1929  and  1935 
papers  and  after  a re-examination  of  the  original  material  the  writer  is  able  to  recognize 


610 


PALAEONTOLOGY,  VOLUME  7 


four  of  these  species.  Two  of  these  species  have  been  recognized  in  collections  from 
South  America  and  the  Himalayas  as  well  as  from  Indonesia. 

All  the  species  are  cylindrical  and  attenuate,  with  a sharply  pointed  apical  region. 
The  apical  line  is  excentric,  ventrally  placed  {not  dorsally  placed;  see  Stolley  1929,  p. 
187).  The  species  vary  chiefly  in  the  nature  of  their  dorsal  and  ventral  grooves  and  the 
cross-sections  of  the  guard.  The  species  are  as  follows : 

Dicoelites  dieoelus  (Rothpletz) 

Plate  94,  figs.  17-20 

1892  Belemnites  dieoelus  Rothpletz,  p.  105,  p.  13,  figs.  9,  14-15. 

1906  Dieoelites  dieoelus  (Rothpletz);  Boehm,  p.  389. 

1915  Dieoelites  dieoelus  (Rothpletz);  Lissajous,  p.  27. 

1920  Dieoelites  dieoelus  (Rothpletz);  Bulow-Trummer,  p.  134. 

1922  Dieoelites  dieoelus  (Rothpletz);  Naef,  p.  254. 

1925  Dieoelites  dieoelus  (Rothpletz);  Lissajous,  p.  40  (footnote),  41. 

1927  Dieoelites  dieoelus  (Rothpletz);  Stolley,  p.  122. 

1929  Prodicoelites  applauatus  Stolley,  pp.  186-8,  pi.  6,  figs.  8-22. 

1952  Dieoelites  dieoelus  (Rothpletz);  Roger  in  Piveteau,  p.  716. 
cf.  1865  Belemnites  sulcatus  Miller;  Salter  and  Blanford,  p.  76,  pi.  10,  figs.  1-8. 
cf.  1904  Belemnites  suleatus  Miller;  Crick,  pp.  63-64. 

? cf.  1929  Prodieoelites  cf.  dieoelus  (Rothpletz);  Stolley,  pp.  185-6,  pi.  6,  fig.  44. 
non  1823  Belemnites  sulcatus  Miller,  p.  59,  pi.  8,  figs.  3-5. 


Diagnostic  features.  Characterized  by  a markedly  compressed  cross-section  throughout 
the  length  of  the  guard.  Prominent  lateral  flattened  areas  developed.  Very  deep  slit-like 
ventral  groove,  deepening  towards  alveolus.  Dorsal  groove  extremely  faint  and  shallow, 
confined  to  alveolar  region. 

Lectotype.  Rothpletz  in  his  original  description  (1892,  p.  105,  pi.  13,  figs.  9,  14-15)  figured  three  speci- 
mens, one  (fig.  15)  being  a juvenile.  The  originals  of  figs.  9 and  15  were  not  located  in  the  collections 
of  the  Bayerische  Staatssammlung  fiir  Palaontologie  und  historische  Geologie,  Munich,  by  the  writer 


EXPLANATION  OF  PLATE  94 

All  figures  natural  size. 

Figs.  1-4.  Conodicoelites  keeuwensis  (Boehm).  Lectotype.  Keeuw,  Wai  Miha,  Taliabu,  Sula  Islands, 
Indonesia.  G676.1905,  van  Nouhuys  Collection,  Mineralogisch-Geologisch  Instituut,  Utrecht. 
(Figured  Boehm  1912,  pi.  32,  figs.  6,  la,  b.)  1,  Ventral.  2,  Dorsal.  3,  Left  lateral  (i.e.  ventral  groove 
to  left).  4,  Right  lateral. 

Figs.  5,  6,  11,  12.  Dieoelites  mihanus  Boehm.  Lectotype.  Keeuw,  Wai  Miha,  Taliabu,  Sula  Islands, 
Indonesia.  G679.1905,  van  Nouhuys  Collection,  Mineralogisch-Geologisch  Instituut,  Utrecht. 
(Figured  Boehm  1912,  pi.  32,  figs,  \0a-d.)  5,  Ventral.  6,  Dorsal.  11,  Anterior  cross-section.  12, 
Posterior  cross-section. 

Figs.  7-10.  Conodicoelites  Amovc/my  (Boehm).  Betino,  Wai  Miha,  Taliabu.  G677.1905,  van  Nouhuys 
Collection,  Mineralogisch-Geologisch  Instituut,  Utrecht.  (Figured  Boehm,  1912,  pi.  32,  figs.  8n-c.) 
7,  ? Ventral.  8,  ? Dorsal.  9,  ? Left  lateral.  10,  ? right  lateral. 

Figs.  13-16.  Conodicoelites  waageni  (Neumayr).  Lectotype.  Balin,  Polish  Carpathians.  Bayerische 
Staatssammlung  fiir  Palaontologie  und  historische  Geologie,  Munich.  (Figured  Neumayr,  1871, 
pi.  9,  fig.  1.)  13,  Ventral.  14,  Dorsal.  15,  Left  lateral.  16,  Right  lateral. 

Figs.  17-20.  Dieoelites  dieoelus  (Rothpletz).  Lectotype.  Rotti,  Indonesia.  Wichmann  Collection, 
Bayerische  Staatssammlung  fur  Palaontologie  und  historische  Geologie,  Munich.  (Figured  Rothpletz, 
1892,  pi.  13,  fig.  14fl,  b.)  17,  Ventral.  18,  Dorsal.  19,  Left  lateral.  20,  Right  lateral. 


Palaeontology,  Vol.  7 


PLATE  94 


STEVENS,  Dicoelites  and  Proclicoelites 


G.  R.  STEVENS:  DICOELITES  BOEHM  AND  PRODICOELITES  STOLLEY  611 


in  May  1960  and  by  Dr.  K.  Werner  Barthel  in  July  1962.  The  original  of  fig.  14  was  found,  however, 
and  is  illustrated  as  Plate  94,  figs.  17-20,  from  photographs  kindly  supplied  by  Dr.  Barthel.  This  speci- 
men is  hereby  designated  lectotype  for  Dicoelites  dicoelus  (Rothpletz).  Rothpletz’s  three  specimens  were 
collected  by  A.  Wichmann  in  1888-9  from  Rotti  Island,  Indonesia. 

Geographic  and  stratigraphic  distribution.  D.  dicoelus  has  been  recorded  from  the  Landu  and  Renggou 
districts  of  Rotti  (see  Rothpletz  1892,  p.  60)  and  from  Timor  and  North  Jamdena  (as  Prodicoelites 
applanatus  Stolley).  Stolley  (1929,  1934)  has  dated  the  ‘Prodicoelites  Marls’  of  Indonesia  as  Callovian 
(Upper  Dogger). 

Dicoelites,  many  of  them  similar  to  Stolley’s  specimens  of  P.  applanatus,  have  been 
identified  by  the  writer  in  collections  of  the  University  of  La  Plata,  Argentina  (kindly 
made  available  by  Dr.  Rosendo  Pascual),  from  Neuquen  Province,  Argentina  and  Puna, 
Chile. 

Many  of  the  Himalayan  belemnites  in  the  collections  of  the  British  Museum  (Natural 
History)  identified  by  previous  workers  as  ‘'Belemnites  sulcatus  Miller’  (e.g.  Strachey 
Collection,  see  Salter  and  Blanford  1865,  also  Crick  1904)  are  very  similar  to,  if  not 
conspecific  with,  some  of  Stolley’s  specimens  of  P.  applanatus  from  Indonesia  but 
^Belemnites  sulcatus  Miller’  described  and  figured  by  Blanford  (1863,  p.  125,  pi.  1,  figs. 
1,  2a-c)  is  a specimen  of  B.  uhligi  Stevens  (Stevens  1963). 

Dicoelites  biscissus  (Stolley) 

1929  Prodicoelites  biscissus  Stolley,  pp.  191-2,  pi.  6,  figs.  23-27. 

Diagnostic  features.  Markedly  compressed  guard,  as  in  D.  dicoelus.  Very  deep  slit-like 
ventral  groove,  deepening  towards  alveolus.  Dorsal  groove  attains  half  depth  of  ventral 
groove  and  extends  backwards  into  stem  region. 

Lectotype.  Stolley’s  five  figured  specimens,  from  Rotti,  Indonesia,  are  preserved  in  the  Molengraaff 
Collection,  Mineralogisch-Geologisch  Museum,  Technische  Hogeschool,  Delft,  Nos.  14548  (Stolley, 
1929,  pi.  6,  fig.  23),  14549  (fig.  24),  14550  (fig.  25),  14551  (fig.  26),  14552  (fig.  27).  The  originals  of  figs. 
23-25  are  fragments  15-25  mm.  long  and  those  of  figs.  26  and  27  about  30  mm.  long.  The  original  of 
fig.  27  is  the  best  illustrated  of  the  specimens,  being  shown  in  Stolley’s  plate  in  four  views  (ventral, 
dorsal,  lateral  and  cross-section)  and  is  hereby  designated  lectotype  of  Dicoelites  biscissus  (Stolley). 
Geographic  and  stratigraphic  distribution.  D.  biscissus  has  been  recorded  from  the  ‘Prodicoelites  Marls’ 
of  Rotti  (Indonesia),  of  Callovian  age  according  to  Stolley  (1929,  1934). 

Dicoelites  mihanus  Boehm 

Plate  94,  figs.  5,  6,  11,  12 

1878  Belemnites  sp.,  Gottsche,  p.  8,  pi.  4,  fig.  2. 

1898-1901  Belemnites  gottschei  Tornc\\x\?,t,  p.  162. 

1912  Dicoelites  mihanus  Boehm,  p.  139,  pi.  32,  figs,  \0a-d. 

1920  Dicoelites  mihanus  (Rothpletz);  Biilow-Trummer,  p.  134. 

1921  Dicoelites  cf.  mihanus  Boehm;  Kruizinga,  pp.  180-1,  pi.  6,  fig.  4. 

1927  Dicoelites  mihanus  (Boehm)  \ Stolley,  p.  122. 

1929  Prodicoelites  mihanus  (Boehm);  Stolley,  pp.  184,  188-9,  212,  pi.  6,  figs.  39M3. 

1929  Prodicoelites  rotimdus  Stolley,  pp.  193-4,  pi.  6,  figs.  35-38. 

1935  Prodicoelites  rotundus  Stolley,  pp.  46-47,  pi.  5,  figs.  4,  5. 
cf.  1929  Prodicoelites  cf.  dicoelus  Rothpletz;  Stolley,  pp.  185-6,  pi.  6,  fig.  44. 
cf.  1929  Prodicoelites  cf.  bisculcatus  Stoliczka;  Stolley,  pp.  194-5,  pi.  6,  fig.  45. 
aff.  1935  Prodicoelites  longirostris  Stolley,  pp.  42-44,  pi.  2,  fig.  1. 
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Diagnostic  features.  Cross-section  roughly  circular  in  apical  and  stem  regions,  com- 
pressed in  alveolar  region.  Ventral  groove  deep  and  narrow,  especially  towards  alveolus. 
Dorsal  groove  weakly  developed  and  confined  to  alveolar  region. 

Lectotype  (here  designated).  The  original  of  Boehm  1912,  pi.  32,  figs,  \0a-d.  van  Nouhuys  Collection, 
Mineralogisch-Geologisch  Instituut,  Rijks-Universiteit,  Utrecht.  Accession  no.  679.1905,  Keeuw,  Wai 
Miha,  Taliabu,  Sula  Islands,  Indonesia.  Figured  here  as  Plate  94,  figs.  5,6,  11,  12. 

Geographic  amt  stratigraphic  distribution.  Boehm’s  original  specimens  came  from  Keeuw,  Wai  Miha, 
Taliahu,  Sula  Islands  and  his  age  determination.  Lower  Callovian,  has  been  accepted  by  later  workers 
(e.g.  Arkell  1956,  p.  438;  Marks  1956,  p.  199).  There  is,  however,  reason  to  doubt  that  this  age,  based 
on  the  associated  ammonites,  can  also  be  applied  to  the  belemnites  (see  below).  Kruizinga’s  specimens 
of  D.  mihaniis  came  from  Wai  Bona,  adjacent  to  Wai  Miha  (see  Boehm  1912,  p.  128)  and  Stolley  (1929 
1934-5)  recorded  specimens  of  mihanus  and  species  now  placed  in  mihanus  from  Rotti,  Timor,  North 
Jamdena,  and  Misol.  Stolley  assigned  a Callovian  age  to  the  ‘Prodicoelites  Marls’  of  Indonesia,  which 
contain  D.  mihanus,  but  (1935,  pp.  42,  46)  recorded  Prodicoelites  longirostris  Stolley  and  P.  rotundus 
Stolley,  both  now  included  in  D.  mihanus,  from  the  Basal  and  Lower  Demu  Limestone  of  Misol,  to 
which  he  assigns  a Lower  Oxfordian  age. 

D.  mihanus  has  been  recorded  from  the  Argentinian  and  Chilean  Cordillera.  Gottsche’s  specimens 
were  collected  in  the  Argentinian  Cordillera  and  specimens  apparently  similar  to  D.  mihanus  have  been 
identified  by  the  writer  in  a collection  obtained  by  Dr.  Werner  Zeil  (Munich)  from  his  Sutherland 
Series  (locality  103)  in  Magallanes  Province,  Southern  Chile  (Zeil  1958,  p.  431).  A younger  collection 
(Zeil’s  locality  91)  from  the  same  series  contains  Inoceramus  similar  to  the  galoi-haasti  group  of  Indo- 
nesia and  New  Zealand  and  Belemnopsis  fragments  similar  to  those  of  the  Kimeridgian  of  Indonesia 
and  New  Zealand. 


Dicoelites  lenisulcatus  (Stolley) 

1892  Belemnites  sp.,  Rothpletz,  p.  106,  pi.  13,  fig.  5. 

1929  Prodicoelites  lenisulcatus  Stolley,  pp.  189-90,  pi.  6,  figs.  1-6. 
cf.  1913  Belemnites  subblainvillei  Deslongchdimps  (partim);  Soergel,  p.  621,  pi.  24,  fig.  5 (non  pi.  24, 
fig.  4). 

cf.  1929  Prodicoelites  rothpletzi  Stolley,  pp.  192-3,  pi.  6,  figs.  28-34. 


Diagnostic  features.  Ventral  groove  shallow  and  narrow.  Dorsal  groove  extremely  weak, 
and  confined  to  alveolar  region.  Even  in  the  alveolar  region  the  dorsal  groove  is  merely 
a flattening  of  the  cross-section.  Cross-sections  throughout  the  guard  are  slightly 
compressed. 

Lectotype.  Stolley  figured  six  specimens,  only  one  of  which  (1929,  pi.  6,  fig.  1)  is  reasonably  complete. 
This  specimen,  however,  is  poorly  illustrated  in  Stolley’s  plate  and  is  a juvenile.  The  originals  of  figs.  1 
and  2 (fig.  2 a guard  split  longitudinally)  were  recorded  as  being  in  the  Boehm  Collection  at  Freiburg, 
but  they  cannot  now  be  traced  (pers.  comm..  Prof.  Dr.  M.  Pfannenstiel,  1957).  The  originals  of  figs. 
3-6  are  alveolar  fragments  ranging  from  16  to  23  mm.  long  and  are  preserved  in  the  Wanner  Collection, 
Geologisch-palaeontologisches  Institut  und  Museum,  Rhein.  Friedrich-Wilhelms-Universitat,  Bonn. 
The  longest  fragment  of  these,  the  original  of  fig.  3,  is  designated  lectotype  of  Dicoelites  lenisulcatus 
(Stolley).  The  originals  of  figs.  3-6  were  collected  from  Jefbie,  south-east  Misol  Archipelago,  Indonesia. 
Geographic  and  stratigraphic  distribution.  The  species  occurs  in  Stolley’s  ‘Prodicoelites  Marls’  and  has 
been  recorded  from  three  regions  in  Indonesia : Jefbie  (south-east  Misol  Archipelago),  Rotti,  and  Timor. 

Other  Dicoelites,  also  included  in  Prodicoelites  by  Stolley,  are  known  from  the  Hima- 
layas and  are  described  below.  A probable  Dicoelites  has  been  described  from  Somali- 
land by  Dacque  (1905,  p.  153,  pi.  15,  figs.  1 1,  12)  and  Cottreau  (1925)  recorded  a similar 
belemnite  from  Ethiopia. 
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Dicoelites  bisulcatus  (Stoliczka)  s.  str.  Stolley  1929 

1866  Belemnites  biscidcatiis  {partim)  Stoliczka,  pp.  78-79,  pi.  8,  fig.  1 {non  figs.  2-4). 

1929  Prodicoelites  bisulcatus  (Stoliczka);  Stolley,  p.  210. 
non  1935  Prodicoelites  bisulcatus  (Stoliczka);  Stolley,  pp.  44-46,  pi.  5,  figs.  1-3. 

Lectotype.  The  original  of  Stoliczka,  pi.  8,  fig.  1.  This  specimen  has  not  been  traced  but  is  adequately 
illustrated  in  three  views:  ventral,  dorsal,  and  cross-sectional.  The  specimen  was  collected  from  the 
south-west  of  Gieumal  (=  Giumal),  32°  10'  N.  lat.,  78°  14'  E.  long,  in  the  Spiti  Valley,  north-west 
Himalayas  (see  Hayden  1904,  pi.  18). 

Diagnostic  features.  Characterized  by  a robust  cylindrical  guard,  with  a depressed  cross- 
section,  a long  ventral  groove  and  very  short  dorsal  groove.  The  massive  guard  of  this 
species  contrasts  with  the  slender  elongate  Dicoelites  found  elsewhere. 

Geographic  and  stratigraphic  distribution.  The  exact  stratigraphic  position  of  the  species  in  the  Spiti 
Valley,  its  only  known  occurrence,  is  not  well  defined.  As  stafed  on  p.  617  Stoliczka  collected  belem- 
nites from  both  the  Liassic  Tagling  Limestone  and  the  Kimeridgian-Tithonian  Spiti  Shales.  However, 
there  are  extensive  outcrops  of  Spiti  Shales  in  the  vicinity  of  Giumal  and  there  is  a strong  possibility 
that  Stoliczka’s  figured  specimens  came  from  fhe  Spiti  Shales. 

Dicoelites  sp. 

1866  Belemnites  bisulcatus  {partim)  Stoliczka,  pp.  78-79,  pi.  8,  fig.  4 (non  figs.  1-3). 
cf.  1929  Prodicoelites  cf.  bisulcatus  (Stoliczka);  Stolley,  pp.  195-6,  pi.  6,  fig.  46. 
cf.  1935  Prodicoelites  bisulcatus  (Stoliczka);  Stolley,  pp.  44-46,  pi.  5,  figs.  1-3. 

Material.  The  original  of  Stoliczka,  pi.  8,  fig.  4,  has  not  been  traced  but  it  is  illustrated  by  four  views: 
ventral,  dorsal,  anterior,  and  posterior  cross-sectional.  The  specimen  was  collected  from  the  south- 
west of  Gieumal,  Spiti  Valley,  north-west  Himalayas. 

Diagnostie  features.  Guard  similar  to  that  of  D.  mihanus  Boehm,  but  with  a depressed 
apical  and  stem  cross-section,  which  becomes  compressed  in  the  alveolar  region.  The 
bifurcation  of  the  ventral  groove  in  the  stem  and  apical  regions  shown  in  Stoliczka’s 
specimen  is  abnormal  and  probably  the  result  of  an  injury,  which  displaced  the  structure 
forming  the  groove  ( ? posterior  aorta). 

Geographic  and  stratigraphic  distribution.  As  stated  above  and  on  p.  617  there  is  a strong  possibility 
that  Stoliczka’s  specimen  came  from  the  Kimeridgian-Tithonian  Spiti  Shales  The  Indonesian  specimens 
doubtfully  grouped  with  the  Himalayan  specimen  are  from  the  ‘Prodicoelites  Marls’  of  Rotti  and  the 
base  of  the  Demii  Limestone  in  the  Misol  Archipelago,  the  latter  dated  as  Lower  Oxfordian  by 
Stolley. 


Genus  conodicoelites  gen.  nov. 

1906  Dicoelites  Boehm  (partim),  p.  389  {non  Belemnites  dicoelus  Rothpletz  and  Belemnites  sp. 
of  Dacque,  1905,  p.  153). 

1927  Dicoelites  Boehm  str.  Stolley;  Stolley,  pp.  121-2. 

1929  Dicoelites  Boehm  j.  str.  Stolley  (? partim)-,  Stolley,  p.  196  (?  non  Dicoelites  impar  Stolley). 

Type  species.  Dicoelites  keeuwensis  Boehm.  Upper  Jurassic,  Keeuw,  Wai  Miha,  Taliabu,  Indonesia. 
Boehm  1912,  p.  138,  pi.  32,  figs.  6,  la,  b. 

Diagnosis.  Guard  short  and  conical  or  subconical  and  moderately  elongate.  Length 
(protoconch-apex)  ranges  from  less  than  maximum  transverse  diameter  up  to  between 
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two  and  four  times.  Outline  symmetric;  profile  usually  asymmetric,  ventral  surface  of 
guard  more  inflated  than  dorsal.  Apex  usually  excentric  and  dorsally  placed.  Cross- 
sections  of  guard  circular,  compressed  or  slightly  depressed.  Median  dorsal  and  ventral 
grooves  either  equally  well  developed  or  with  the  ventral  groove  slightly  broader.  Dorsal 
groove  not  extending  as  far  posteriorly  as  ventral  groove.  Both  grooves  narrow  but 
relatively  deep.  Apical  line  and  alveolus  excentric  towards  venter.  Alveolus  penetrating 
deeply  into  guard. 

Species.  Apart  from  the  type  species,  C.  keeuwensis,  at  least  three  previously  described 
species  are  considered  to  belong  to  Conodicoelites.  The  diagnostic  features  of  these 
species  are  given  below.  Two,  and  possibly  a third,  Conodicoelites  species  occur  in  the 
Lower  Kimeridgian  of  New  Zealand  and  are  to  be  described  in  a forthcoming  publica- 
tion (Stevens,  in  press).  The  species  of  Conodicoelites  may  be  distinguished  on  the  basis 
of  two  main  features.  The  depth  of  penetration  of  the  guard  by  the  alveolus  is  character- 
istic, and  the  length  of  the  guard  (protoconch-apex)  may  be  compared  with  the  maxi- 
mum transverse  diameter,  and  the  ratio  of  total  length  of  guard  (anterior-posterior)  to 
alveolus  also  compared.  Elongation  of  the  guard  is  also  a valuable  feature — varying  from 
short  and  conical  (keeuwensis),  elongate  and  conical  (sidcacutiis),  subconical  with  a sharp 
apical  region  (meyrati)  and  subconical  and  slightly  hastate  (waageni). 

Conodicoelites  keeuwensis  (Boehm) 

Plate  94,  figs.  1-4,  7-10 

1912  Dicoelites  keeuwensis  Boehm,  D.  cf.  keeuwensis  Boehm,  p.  138,  pi.  32,  figs.  6,  la,  b,  8a-c. 

1920  Dicoelites  keeuwensis  Boehm,  D.  cf.  keeuwensis  Boehm;  Biilow-Trummer,  p.  134. 

1922  Dicoelites  keeuwensis  Boehm;  Naef,  p.  254. 

1927  Dicoelites  keeuwensis  Boehm;  Stolley,  p.  121. 

1929  Dicoelites  keeuwensis  Boehm,  D.  cf.  keeuwensis  Boehm;  Stolley,  pp.  183-4,  196,  211-12. 

1931  Dicoelites  keeuwensis  Boehm,  D.  cf.  keeuwensis  Boehm;  Kruizinga,  p.  371. 

1931  Dicoelites  keeuwensis  Boehm;  Wanner,  p.  591. 

1934  Dicoelites  keeuwensis  Boehm;  Stolley,  pp.  479,  480. 

1956  Dicoelites  keeuwensis  Boehm;  Marks,  p.  199. 

Diagnosis.  Guard  short  and  conical.  Length  (protoconch-apex)  between  1-5  and  2-0 
times  maximum  transverse  diameter.  Outline  symmetrical;  conical,  sides  of  guard 
gradually  converging  towards  posterior.  Apical  angle  about  25°.  Profile  similar  to  out- 
line, but  markedly  asymmetric,  with  ventral  surface  more  inflated  than  dorsal.  Apex 
excentric,  dorsally  placed.  Cross-sections  of  guard  circular,  or  slightly  compressed  in 
alveolar  region.  Median  ventral  and  dorsal  grooves  equally  well  developed.  Ventral 
groove  shallowing  and  disappearing  just  before  reaching  apex.  Dorsal  groove  extending 
posteriorly  for  about  two-thirds  total  length  of  guard.  Alveolus  excentric  towards  venter 
and  occupying  more  than  half  total  length  of  guard.  Alveolar  angle  about  25°. 

Lectotype  ( here  designated).  Original  of  Boehm  1912,  pi.  32,  figs.  6,  la,  b.  No.  G676.1905,  van  Nouhuys 
Collection,  Mineralogisch-Geologisch  Instituut,  Utrecht.  Upper  Jurassic,  Keeuw,  Wai  Miha,  Taliabu, 
Sula  Islands,  Indonesia.  Figured  here  as  Plate  94,  figs.  1-4.  The  original  of  Boehm’s  pi.  32,  figs.  8a-c, 
also  in  the  van  Nouhuys  Collection,  Utrecht  (No.  G677.1905),  is  figured  here  as  Plate  94,  figs.  7-10. 
Upper  Jurassic,  Betino,  Wai  Miha,  Taliabu. 
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Geographic  and  stratigraphic  distribution.  The  specimens  which  were  the  basis  of  Boehm’s  original 
description  (van  Nouhuys  Collection,  Utrecht)  form  the  only  record  of  the  species.  They  came  from  three 
localities  (Keeuw,  Betino,  Tangi)  on  the  river  Wai  Miha,  Taliabu,  Sula  Islands  (see  Boehm  1912, 
p.  1 28).  On  the  basis  of  the  associated  ammonites  a Callovian  age  (Lower  or  Middle)  has  been  assigned 
to  D.  keeuwensis  by  Boehm  and  later  workers  (Boehm  1912;  Stolley  1929;  1934,  p.  478;  Wanner  1931, 
p.  591;  Marks  1956,  p.  199;  Arkell  1956,  pp.  438-9)  but  this  is  assuming  that  the  ammonites  and 
belemnites  were  derived  from  the  same  beds.  The  associated  belemnites,  however,  apart  from  Conodi- 
coelites,  suggest  that  most  stream-bed  collections  from  Taliabu,  especially  those  of  van  Nouhuys  from 
Wai  Miha,  are  drawn  from  a number  of  distinct  horizons.  The  ammonites  have  probably  been  derived 
from  upstream  horizons  and  transported  downstream  as  concretions. 

Though  there  is  evidence  that  Conodicoelites  is  older  in  Europe  (see  below),  in  Indonesia  it  is  more 
likely  to  be  of  about  the  same  age  as  in  New  Zealand,  where  it  has  been  dated  as  Lower  Kimeridgian 
by  Arkell  from  associated  ammonites  (Fleming  and  Kear  1960,  p.  25;  'Dicoelites'  = Conodicoelites). 
A Lower  Kimeridgian  age  for  the  Indonesian  Conodicoelites  agrees  with  age  determinations  for  suc- 
ceeding Indonesian  belemnites  based  on  ammonites  associated  with  similar  belemnites  in  New  Zealand 
(see  Stevens,  in  press). 


Conodicoelites  meyrati  (Ooster) 

1857  Belemnites  meyrati  Ooster,  pp.  18-19,  pi.  3,  figs.  1-17. 

1908  Belemnites  (Duvalia)  meyrati  Ooster;  Roman,  pp.  10-14,  pi.  1,  figs,  1-5. 

1909  Dicoelites  meyrati  (Ooster);  Boehm,  pp.  565-6. 

1915  Dicoelites  meyrati  (Ooster);  Lissajous,  pp.  26-27,  pi.  1,  fig.  2. 

1920  Dicoelites  meyrati  (Ooster);  Biilow-Trummer,  p.  134. 

1922  Dicoelites  meyrati  (Ooster);  Naef,  p.  254. 

1925  Dicoelites  meyrati  (Ooster);  Lissajous,  p.  40,  fig.  22. 

1927  Dicoelites  meyrati  (Ooster);  Stolley,  p.  121. 

1929  Dicoelites  meyrati  (Ooster);  Stolley,  pp.  183-^,  211-12. 

? cf.  1932  Dicoelites  cf.  meyrati  (Ooster);  Krimholz,  pp.  38-39. 

1952  Dicoelites  meyrati  (Ooster);  Roger  in  Piveteau,  pp.  715-16,  fig.  41. 

1961  Dicoelites  meyrati  (Ooster);  Pugaczewska,  pp.  184—8,  pi.  24,  figs.  1-4. 

Type  specimens.  In  1958  the  writer  made  inquiries  at  the  museums  at  Bern  and  Geneva  but  Ooster’s 
original  specimens  were  not  traced.  Upper  Jurassic  (?  Callovian)  of  the  Swiss  Alps. 

Diagnosis.  Guard  subconical,  elongate  in  alveolar  region,  its  sides  then  rapidly  converg- 
ing to  form  a sharp  apical  region.  Apical  angle  about  18°.  Length  (protoconch- 
apex)  about  four  times  maximum  transverse  inflation.  Outline  symmetrical,  profile 
asymmetrical.  Cross-sections  of  guard  slightly  compressed.  Ventral  groove  prominent, 
extending  from  apex  to  alveolus  without  change.  Dorsal  groove  generally  slightly 
broader  than  ventral  groove  and  extending  posteriorly  for  about  two-thirds  total  length 
of  guard.  Alveolus  excentric  towards  venter  and  occupying  a little  less  than  half  total 
length  of  guard.  Alveolar  angle  19-24°. 

Geographic  and  stratigraphic  distribution.  C.  meyrati  was  described  by  Ooster  from  three  localities  in 
the  Bernese  Alps  ( Hohmad,  Sulzgraben,  and  Schwefelberg).  The  stratigraphic  position  of  these  localities 
is  unknown.  A Callovian  age  has  been  accepted  by  later  workers  (e.g.  Biilow-Trummer  1920,  p.  134; 
Pugaczewska  1961,  p.  188),  but  according  to  Dr.  B.  Ziegler  (Zurich,  pers.  comm.)  the  strata  at  Sulz- 
graben are  uppermost  Bajocian  (zone  of  Parkinsonia  parkinsoni)  and  the  beds  at  Hohmad  are  Upper 
Oxfordian  (zone  of  Gregoryceras  transversarium  or  Epipeltoceras  bimammatum).  Pugaczewska  (1961) 
described  specimens  which  she  has  assigned  to  C.  meyrati  from  the  Callovian  of  the  Holy  Cross 
Mountains  (south-east  Poland)  and  Krimholz  (1932)  compared  specimens  from  the  Callovian  of 
Crimea  to  meyrati. 
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Conodicoelites  waageni  (Neumayr) 

Plate  94,  figs.  13-16;  text-fig.  1 

1871  Belemnites  waageni  Neumayr,  pp.  26,  51  (postscript),  pi.  9,  fig.  1. 

1909  Dicoelites  waageni  (Neumayr);  Boehm,  pp.  565-6. 

1920  Dicoelites  waageni  (Neumayr);  Biilow-Trummer,  p.  134. 

1922  Dicoelites  waageni  (Neumayr);  Naef,  p.  254. 

1961  Dicoelites  waageni  (Neumayr);  Pugaczewska,  pp.  188-9,  pi.  6,  figs.  5-6. 


Lectotype  (here  designated).  Original  of  Neumayr  1871,  pi.  9,  fig.  1.  Bayerische  Staatssammlung  fur 

Palaontologie  und  historische  Geologie,  Munich.  Lower 
Callovian,  Balin,  Polish  Carpathians  (district  Chrzanow). 
Figured  here  as  Plate  94  figs.  13-16. 

Diagnosis.  Guard  sub-conical.  Length  (protoconch- 
apex)  about  four  times  maximum  transverse  dia- 
meter. Outline  symmetric;  profile  slightly  asym- 
metric. Apical  region,  elongate,  pointed.  Apical 
angle  about  15°.  Sides  of  guard  tending  to  beeome 
parallel  towards  anterior  and  converging  slightly  in 
alveolar  region  to  produee  slight  hastation  some 
20  mm.  anterior  to  protoconch.  Cross-sections  of 
guard  circular  or  slightly  depressed  (text-fig.  1). 
Ventral  groove  deep,  extending  back  from  alveolus 
but  shallowing  and  disappearing  before  reaching 


TEXT-FIG.  1.  Conodicoelites  waageni 
(Neumayr).  Lectotype.  Balin,  Polish 
Carpathians.  Bayerische  Staatssamm- 
lung fiir  Palaontologie  und  historische 
Geologie,  Munich.  Cross-sections 
through  guard  (provided  by  courtesy 
of  Dr.  K.  W.  Barthel).  Section  a,  62 
mm.  from  apex  of  guard  (see  PI.  94, 
figs.  13-16);  section  b,  68  mm. ; section 
c,  84  mm.  All  natural  size. 


apex.  Dorsal  groove  deep,  extending  back  to  just 
short  of  half  total  length  of  guard.  The  alveolus  occupies  under  half  of  total  length  of 
guard  and  is  slightly  excentric  towards  venter.  Alveolar  angle  about  24°. 


Geographic  and  stratigraphic  distribution.  C.  waageni  has  been  recorded  only  from  Neumayr's  original 
locality,  the  Balin  Oolite  of  Balin,  near  Cracow,  south-east  Poland.  A Lower  Callovian  age  is  accepted 
for  the  Balin  Oolite  (Arkell  1956,  p.  480;  Pugaczewska  1961,  p.  188). 


Conodicoelites  sidcacutiis  (Stolley) 

1866  Belemnites  bisidcatiis  Stoliczka  (partim),  pp.  78-79,  pi.  8,  figs.  2-3  (non  pi.  8,  figs.  1,  4). 

1895  Belemnites  sidcacutiis  F.  E.  Suess;  Diener,  pp.  583-4  (nomen  nudum). 

1906  Dicoelites  sidcacutiis  (Suess);  Boehm,  p.  389  (nomen  nudum). 

1920  Dicoelites  sidcacutiis  (Diener);  Biilow-Trummer,  p.  134  (nomen  nudum). 

1922  Dicoelites  sidcacutiis  (Diener);  Naef,  p.  254  (nomen  nudum). 

1929  Dicoelites  sidcacutiis  (F.  E.  Suess);  Stolley,  pp.  210-12. 

1956  Belemnopsis  siilcaciitiis',  Arkell,  p.  408. 

1957  Belemnites  sulcaciitiis  Suess;  Holland  et  al.,  p.  251. 

Diener  (1895)  in  describing  fossils  collected  from  the  Niti  area  (Johar  and  Hundes)  of 
the  eentral  Himalayas  introduced  the  name  Belemnites  sukaculus,  as  a nomen  nudum, 
stating  that  the  fossil  identifications  had  been  supplied  by  F.  E.  Suess  and  that  deserip- 
tions  and  illustrations  of  species  were  to  be  published  later.  These,  however,  did  not 
appear.  Thirty-four  years  later  Stolley  (1929,  pp.  210-13)  gained  aecess  to  Suess’s  manu- 
script and  original  material  in  the  Diener  Collection  and  indicated  that  Suess’s  name 
sulcacutus  can  be  applied  to  the  belemnite  from  the  Spiti  area  (north-west  Himalayas) 
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figured  by  Stoliczka  (1866)  as  pi.  8,  figs.  2-3.  By  associating  Suess’s  nomen  nudum  with 
Stoliczka’s  figure  Stolley  therefore  validated  sidcacutus.  The  taxon  Dicoelites  sulcacutus 
Stolley  (ex.  F.  E.  Suess  nomen  nudum)  is  thus  based  on  Diener’s  material  in  Vienna  and 
the  specimen  figured  by  Stoliczka  as  pi.  8,  figs.  2-3.  Therefore,  both  Diener’s  and 
Stoliczka’s  material  can  be  regarded  as  syntypic. 

Unfortunately  both  Stoliczka’s  material  (which  Stolley  could  not  trace:  1929,  p.  211) 
and  Diener’s  (which  Stolley  examined)  cannot  now  be  traced  in  Vienna  (Dr.  F.  Steinin- 
ger,  pers.  comm.).  However,  Stoliczka’s  figures  are  adequate  for  diagnosis,  the  guard 
being  shown  in  ventral  (but  not  dorsal)  view  and  in  two  cross-sectional  views. 

Diagnosis.  Guard  conical,  elongate.  Length  (protoconch-apex)  less  than  maximum 
transverse  diameter.  Outline  symmetrical,  sides  gradually  converging  posteriorly  to  form 
an  almost  perfect  cone.  Apical  angle  about  14°.  Profile  not  known,  but  to  judge  from 
Stoliczka’s  cross-sections,  probably  approximately  the  same  as  the  outline.  Cross- 
sections  of  guard  circular  or  compressed  posteriorly,  depressed  anteriorly.  Ventral 
groove  narrow  and  deep,  extending  backwards  from  alveolus,  but  shallowing  and  dis- 
appearing before  reaching  apex.  Dorsal  groove  not  known,  but  to  judge  from  Stoliczka’s 
cross-sections,  probably  of  about  the  same  depth  and  breadth  as  the  ventral  groove, 
but  extending  posteriorly  for  less  than  half  the  total  length  of  the  guard.  Alveolus  ex- 
tremely deep  and  occupying  three-quarters  of  total  length  of  guard.  Alveolar  angle 
about  11°. 

Geographic  and  stratigraphic  distribution.  The  species  occurs  in  the  Niti  and  Spiti  regions  of  the  central 
and  north-west  Himalayas.  Its  stratigraphic  position  in  these  regions  is  doubtful.  Diener’s  specimens, 
from  the  Niti  region,  were  obtained  from  beds  underlying  the  Spiti  Shales  (Diener  1895,  pp.  583^, 
fig.  10).  Arkell  (1956,  pp.  407-8)  has  assigned  an  Upper  Oxfordian-Tithonian  age  to  the  Spiti  Shales 
and  a Callovian  age  to  the  sulcacutus  Beds. 

The  precise  stratigraphic  position  of  Stoliczka’s  specimen  from  the  Spiti  region  is  not  known,  as  he 
obtained  belemnites  from  both  the  Tagling  Limestone  (Liassic;  Arkell  1956,  pp.  408-9)  and  from  talus 
slopes  below  the  Spiti  Shales  (Stoliczka  1866,  pp.  79,  83).  His  figured  specimens  are,  however,  from  the 
Gieumal  (Giumal)  area  were  there  are  extensive  exposures  of  Spiti  Shales  (see  Hayden  1904,  pi.  18), 
so  there  is  a strong  possibility  that  they  came  from  the  Spiti  Shales.  As  there  is  reason  to  believe  that 
Upper  Oxfordian  is  not  represented  in  the  Spiti  Shales  (Stevens,  in  press)  Stoliczka’s  specimens  could 
be  as  young  as  Lower  Kimeridgian,  but  this  is  difficult  to  reconcile  with  the  Callovian  age  assigned  to 
Diener’s  specimens,  which  though  coming  from  directly  below  the  Spiti  Shales  are  apparently  separated 
from  them  by  a non-sequence  representing  most  or  all  of  the  Oxfordian. 


STRATIGRAPHIC  DISTRIBUTION  OF  DICOELITES  AND 
CONODICOELITES 

The  stratigraphic  distribution  of  Dicoelites  and  Conodicoelites  is  difficult  to  determine 
as  the  ages  of  many  of  their  species  are  not  fully  known. 

The  Dicoelites  species  recorded  from  Indonesia  have  been  assigned  a Callovian 
(‘Prodicoelites  Marls’)  and  Lower  Oxfordian  (Basal  and  Lower  Demu  Limestone  of 
Misol)  age  by  previous  writers.  Dicoelites  has  not  been  recorded  from  New  Zealand 
where  there  are  well-developed  I ndo-Pacific  belemnite  assemblages  of  Bajocian-Bathonian 
and  Lower  or  Middle  Callovian  age,  but  where  the  Upper  Callovian  and  Oxfordian 
are  not  represented  by  belemnites.  Dicoelites  has  also  not  been  recorded  from  Australia, 
where  there  is  a similar  gap  in  the  belemnite  record.  Therefore  on  this  purely  negative 
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evidence  it  is  likely  that  the  Indonesian  Dicoelites  have  a range  extending  from  at  least 
Upper  Callovian  to  Middle  or  Upper  Oxfordian.  The  stratigraphy  of  the  Dicoelites 
recorded  from  the  Himalayas  is  unknown,  but  if  some  at  least  came  from  the  Spiti 
Shales  and  were  associated  with  Belemnopsis  gerardi  {=  B.  uhligi  Stevens,  1963)  or  B. 
alfurica,  a Lower  Kimeridgian  age  is  likely. 

Stolley  (1927,  p.  122;  1934,  p.  478)  stated  that  Dicoelites  (=  Prodicoelites  Stolley) 
appeared  before  Conodicoelites  Dicoelites  seiisu  Stolley)  but  that  the  age  difference 
between  the  two  was  not  very  great.  In  New  Zealand  Conodicoelites  is  of  Lower  Kime- 
ridgian age  and  it  is  thought  that  this  age  can  also  be  applied  to  the  Indonesian  Conodi- 
coelites, previously  dated  as  Callovian.  Nevertheless,  a Callovian  age  has  been  accepted 
for  C.  waageni  in  Poland  and  also,  though  on  less  secure  grounds,  for  C.  rneyrati  in 
Switzerland.  A Callovian  age  also  seems  likely  for  C.  sidcacutiis  from  the  Himalayas. 
Belemnites  similar  to  C.  nieyrati  have  been  recorded  from  the  Upper  Toarcian  and 
Lower  Bajocian  of  Russia. 

Thus  it  is  likely  that  Conodicoelites  appeared  before  Dicoelites,  probably  in  the 
Toarcian-Bajocian  of  eastern  Europe.  Then  in  the  Callovian  it  was  able  to  spread  along 
the  northern  margin  of  the  Tethys,  appearing  in  the  Swiss  Alps,  the  Carpathians  and  the 
Himalayas.  Further  migration  into  the  Indo-Pacific  region  was,  however,  apparently 
impeded  and  Conodicoelites  did  not  reach  Indonesia  and  New  Zealand  until  the  Kime- 
ridgian. 

Dicoelites  was  apparently  confined  to  the  Indo-Pacific  region  and  species  ranged 
throughout  the  Callovian  and  Oxfordian.  The  European  records  of  the  genus  in  the 
Bajocian  (avena  Mayer,  jacquoti  Terquem  and  Jourdy,  wuerttembwgicus  Oppel)  and 
Portlandian  (pel loti  de  Loriol)  have  not  been  confirmed. 
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Special  thanks  are  due  to  the  following,  who  answered  the  writer’s  inquiries,  gave  access  to  belem- 
nite  collections,  and  in  a number  of  instances  loaned  specimens  or  provided  photographs  and  measure- 
ments: Dr.  F.  Steininger  (Palaontologisches  Institut  der  Universitat  Wien);  Dr.  K.  Werner  Barthel  and 
Dr.  Werner  Zeil  (Bayerische  Staatssammlung  fiir  Palaontologie  und  historische  Geologie,  Munich); 
Dr.  C.  W.  Drooger  (Mineralogisch-Geologisch  Instituut,  Utrecht);  Prof.  Dr.  P.  Kruizinga,  Prof.  Dr.  J. 
Dufour,  Ir.  J.  G.  H.  Ubaghs  (Mineralogisch-Geologisch  Museum,  Technische  Hogeschool,  Delft); 
Prof.  Dr.  M.  Pfannenstiel  and  Dr.  H.  Genser  (Geologisch-Paliiontologlsches  Institut,  Freiburg  im 
Breisgau);  Prof.  Dr.  H.  K.  Erben  (Geologisch-Palaeontologisches  Institut  und  Museum,  Bonn);  Dr.  E. 
Gasche  (Naturhistorisches  Museum,  Basel);  Prof.  Dr.  H.  Schmidt  (Geologisch-Palaeontologisches 
Institut,  Gottingen);  Dr.  B.  Ziegler  (Palaontologisches  Institut  und  Museum,  Zurich);  Dr.  H.  Furrer 
(Naturhistorisches  Museum,  Bern);  Dr.  E.  Lanterno  (Museum  d’Histoire  Naturelle,  Geneva);  Dr. 
Rosendo  Pascual  (University  of  La  Plata,  Argentina);  Dr.  B.  F.  Glenister  (formerly  University  of  Wes- 
tern Australia,  now  University  of  Iowa,  U.S.A.);  Dr.  L.  R.  Cox  and  Mr.  L.  Bairstow  (British  Museum 
(Natural  History),  London). 
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A NEW  BELEMNITE  FROM  THE  UPPER  JURASSIC 

OF  INDONESIA 

by  G.  R.  STEVENS 


Abstract.  Belemnopsis  stolleyi  sp.  nov.  is  described,  based  on  specimens  originally  identified  by  Stolley  (1929) 
as  Belemnopsis  aucklandica  (Hochstetter).  Adult  specimens  of  B.  stolleyi  usually  show  secondarily  deepened 
ventral  grooves,  sometimes  also  found  in  Dicoelites,  and  the  causes  of  this  are  discussed. 

In  his  monograph  on  the  Jurassic  belemnite  faunas  of  Indonesia  Stolley  (1929,  pp.  168- 
70,  pi.  3,  figs.  12-15,  pi.  4,  figs.  1-6)  referred  a number  of  specimens  to  the  New  Zealand 
species  Belemnopsis  aucklandica  Hauer  (species  now  attributed  to  Hochstetter,  see 
Marwick  1953,  p.  123).  These  specimens  are  from  three  islands:  (i)  Timor;  (ii)  Rotti  (or 
Roti),  an  island  off  the  south-west  tip  of  Timor;  (hi)  Jamdena  (or  Yamdena),  the  main 
island  of  the  Tenimber  (or  Timorlaut)  Archipelago. 

B.  aucklandica  (Hochst.)  occurs  abundantly  in  the  Upper  Jurassic  of  New  Zealand, 
chiefly  at  Waikato  Heads  (type  locality;  Hochstetter  1863,  p.  129,  Hauer  in  Zittel  1864, 
p.  29)  and  Kawhia  Harbour,  and  has  also  been  recorded  from  New  Caledonia  (Avias 
1953,  pp.  161-3)  and  the  Sula  Islands,  Indonesia  (Kruizinga  1921,  pp.  172-4).  This 
species,  along  with  other  New  Zealand  belemnites,  has  recently  been  revised  by  the 
writer  (Stevens,  in  press),  from  an  examination  of  overseas  belemnites,  especially  those 
from  Indonesia,  including  those  studied  by  Stolley.  The  specimens  referred  to  in  this 
paper  are  preserved  in  the  geological  collections  of  the  Technical  University,  Delft 
(Molengraaflf  and  Jonker  Collections),  and  the  Natural  History  Museum,  Basel  (Weber 
Collection). 

Stolley’s  specimens  of  B.  aucklandica  from  Timor  and  Rotti  (Stolley  1929,  pi.  4,  figs. 
4-6)  appear  to  be  unrelated  to  those  from  Jamdena,  but  for  completeness  may  be  briefly 
considered.  The  guard  from  Ofoe,  Timor,  figured  by  Stolley,  pi.  4,  fig.  5 (no.  14573, 
Molengraafif  Collection,  Delft),  agrees  most  closely  with  specimens  of  B.jonkeri  Stolley 
(e.g.  Stolley  1929,  pi.  5,  figs.  1-3).  The  guard  is  cylindrical  and  elongate.  A broad,  shallow 
ventral  groove  is  present,  extending  posteriorly  from  the  alveolus,  but  not  reaching  the 
apical  region.  The  groove  deepens  slightly  in  the  alveolar  region.  A dorsal  groove  is  not 
present  and  lateral  lines  appear  to  be  absent,  though  the  external  surface  of  the  guard 
has  been  slightly  abraded.  Hastation  is  not  apparent,  the  guard  being  parallel-sided 
throughout  the  stem  and  alveolar  regions.  These  characters  agree  with  those  of  a typical 
B.  jonkeri  Stolley.  The  specimen  also  bears  a slight  resemblance  to  Belemnopsis  uhligi 
Stevens  (=  B.  gerardi  auct.;  see  Stevens  1963)  but  typical  specimens  of  this  species  tend 
to  have  a deeper  ventral  groove,  and  the  gioove  extends  into  the  apical  region.  Further- 
more, the  guard  of  B.  uhligi  is  not  as  elongate  as  B.  jonkeri,  and  usually  gradually 
increases  in  width  towards  the  alveolus.  However,  there  seems  to  be  a continuous  grada- 
tion between  the  two  typical  forms,  and  until  these  intermediate  forms  have  been 
studied  it  may  be  expedient  to  refer  the  specimen  under  discussion  to  the  "uhligi-Jonkeri 
group’.  The  other  specimens,  Stolley  1929,  pi.  4,  fig.  4 (Ofoe,  Timor,  no.  14572,  Jonker 
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Collection,  Delft)  and  pi.  4,  fig.  6 (Rotti,  no.  14519,  Molengraaff  Collection,  Delft),  can 
also  be  tentatively  referred  to  this  group. 

The  specimens  of  B.  aucklandica  described  by  Stolley  (1929)  from  Jamdena  were 
collected  by  F.  Weber  (in  1928)  from  two  localities.  Further  specimens  of  the  same 
belemnite  from  the  same  localities  were  collected  by  Weber  in  1930  and  examined  by 
Stolley  in  1934  (Weber  Collection,  Basel).  All  these  specimens  were  found  by  the  writer 
to  differ  from  B.  aucklandica  and  to  be  quite  distinct  from  other  Indonesian  belemnites 
and  it  is  concluded  that  they  represent  a new  Belenmopsis  species  to  which  is  assigned 
the  name  B.  stolleyi. 

Belenmopsis  stolleyi  sp.  nov. 

Plate  95,  figs.  1-12 

1929  Belenmopsis  aucklandica  (Hauer)  (partim);  Stolley,  pp.  168-70,  pi.  3,  figs.  12-15,  pi.  4, 
figs.  1-3  (non  pi.  4,  figs.  4-6). 

non  1863  Belemnites  aucklandicus  Hochstetter  (Belemnites  aiicklandiciis  Hauer,  auct.),  p.  129,  fig. 

Diagnosis.  A Belenmopsis  with  an  elongate  non-hastate  guard.  Cross-sections  of  guard 
usually  equidimensional.  Prominent  lateral  lines  present  on  ffanks  of  guard.  Median 
ventral  groove  prominent,  usually  secondarily  deepened  in  adult  guards. 

Holotype.  Specimen  J52/9  (PI.  95,  figs.  4-6),  Weber  Collection,  Natural  History  Museum,  Basel. 
Collected  from  the  red  and  variegated  marls  of  the  Upper  Oxfordian,  ‘Belemnitenbach’,  c.  6 km.  from 
the  west  coast.  North  Jamdena,  Tenimber  Archipelago,  Indonesia. 

Localities  and  material.  Unnumbered  fossil  localities;  the  source  of  the  material  described  by  Stolley 
(1929,  pp.  121,  168-70).  Weber  Collection,  Basel,  (a)  ‘Belemnitenbach’,  c.  6-7  km.  from  the  mud 
volcano  Botendakoe  (Botendoha),  North  Jamdena.  (b)  The  mud  volcano  Tasik  Selwasa,  50  km.  from 
locality  (a). 

Numbered  fossil  localities;  collected  by  F.  Weber,  1930  (Weber  Collection,  Basel): 

J52/4-8  (PI.  95,  figs.  7-12).  From  the  red  clay,  ‘Belemnitenbach’,  6-7  km.  south-east  of  the  mud 
volcano  Botendoha,  North  Jamdena.  Five  specimens. 

J52/9-13  (PI.  95,  figs.  4-6).  From  the  red  and  variegated  marls  of  the  Upper  Oxfordian,  ‘Belemniten- 
bach’, c.  6 km.  from  the  west  coast.  North  Jamdena.  Five  specimens. 

J52/14-25  (PI.  95,  figs.  1-3)  From  the  variegated  marl-clays.  North  Jamdena.  Twelve  specimens. 

Description.  Guard  elongate  and  moderately  robust.  Length  about  five  times  the  maxi- 
mum transverse  diameter.  Outhne  symmetrical  and  non-hastate.  The  flanks  of  the  guard 


EXPLANATION  OF  PLATE  95 

All  figures  natural  size. 

Figs.  1-3.  Belenmopsis  stolleyi  sp.  nov.  Variegated  clay-marls.  North  Jamdena,  Indonesia.  Specimen 
J. 52/18,  Weber  Collection,  Basel.  1,  Ventral.  2,  Dorsal.  3,  Left  lateral. 

Figs.  4—6.  B.  stolleyi  sp.  nov.  Holotype.  Red  and  variegated  marls,  ‘Belemnitenbach’,  c.  6 km.  from  the 
west  coast.  North  Jamdena.  Specimen  J.52/9,  Weber  Collection,  Basel.  4,  Ventral.  5,  Dorsal.  6,  Left 
lateral. 

Figs.  7-9.  B.  stolleyi  sp.  nov.  Red  clay,  ‘Belemnitenbach’,  6-7  km.  south-east  of  the  mud  volcano 
Botendoha,  North  Jamdena.  Specimen  J.52/6,  Weber  Collection,  Basel.  7,  Ventral.  8,  Dorsal.  9,  Left 
lateral. 

Figs.  10-12.  B.  stolleyi  sp.  nov.  Red  clay,  ‘Belemnitenbach’  6-7  km.  south-east  of  the  mud  volcano 
Botendoha,  North  Jamdena.  Specimen  J.52/4,  Weber  Collection,  Basel.  10,  Ventral.  11,  Dorsal. 
12,  Left  lateral. 
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gradually  diverge  towards  the  anterior.  The  apical  angle  is  approximately  25°,  and  an 
apical  perforation  is  normally  present.  The  profile  resembles  the  outline:  symmetrical 
and  non-hastate.  The  cross-sections  of  the  guard  are  normally  equi-dimensional. 

The  prominent  median  ventral  groove  extends  posteriorly  from  the  alveolus  and  in 
adult  guards  terminates  some  8-10  mm.  from  the  apex.  The  groove  gradually  shallows 
towards  the  apex,  until  its  floor  coincides  with  the  surface  of  the  guard.  The  groove 
deepens  markedly  in  the  posterior  portion  of  the  stem  region  (some  20  mm.  from  the 
apex),  and  continues  to  deepen,  so  that  in  the  anterior  portion  of  the  stem  region  and 
in  the  alveolar  region  it  is  extremely  deep  and  narrow.  Unlike  the  ventral  groove  of 
other  species  of  Belemuopsis,  the  groove  of  B.  sloUeyi  has  been  secondarily  deepened  in 
the  adult  stage,  and  the  walls  of  the  groove  intersect  the  growth  lamellae  of  the  guard 
(see  discussion  below).  Secondary  deepening  of  the  groove  may  proceed  to  such  a stage 
that  the  groove  penetrates  the  alveolar  wall. 


Dimensions  (in  mm.)  are  given  below  for  five  specimens  of  B.  stoUeyi 
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Lateral  lines  are  present  on  the  flanks  of  the  guard.  They  commence  posteriorly  on 
the  dorso-lateral  surface  of  the  apex,  and  extend  anteriorly  as  two  lines,  almost  parallel 
and  1 mm.  apart,  passing  obliquely  across  the  flanks  of  the  guard.  The  course  of  the 
lateral  lines  in  the  anterior  portion  of  the  stem  region  and  in  the  alveolar  region  has  been 
obscured  in  most  specimens  by  slight  corrasion  of  the  surface  of  the  guard,  but  traces  are 
often  present,  indicating  that  the  lines  diverge  sharply  in  the  anterior  portion  of  the 
stem  region.  No  vascular  markings  have  been  observed  on  the  surface  of  the  guard. 

The  apical  line  is  excentric  and  ventrally  placed.  The  maximum  excentricity  of  the 
apical  line  that  has  been  observed  is  a displacement  of  2 mm.  from  the  central  axis  of  the 
guard  (where  the  diameter  is  13-5  mm.).  In  all  the  specimens  examined  the  phragmocone 
is  absent  and  the  walls  of  the  alveolus  have  collapsed.  The  alveolus  is  slightly  excentric 
and  ventrally  placed. 

Features  of  the  ventral  groove  of  Belemuopsis  stoUeyi  (text-fig.  1).  The  grooves,  both 
dorsal  and  ventral,  of  most  belemnites  are  usually  conformable  with  the  growth-lines — 
i.e.  the  groove  is  reproduced  in  each  growth-line.  But  in  B.  stoUeyi  the  ventral  groove 
intersects  the  growth-lines,  and  the  truncated  growth  lamellae  form  striae  along  the 
walls  of  the  groove.  In  juvenile  specimens  of  B.  stoUeyi  the  ventral  groove  is  usually  deep 
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and  the  growth-lines  reproduce  its  depth.  But  in  the  adult  secondary  deepening  of  the 
groove  occurs,  usually  commencing  in  the  alveolar  region  and  extending  into  the  stem 
region.  Incipient  secondary  deepening  of  the  ventral  groove  in  the  alveolar  region  may 
be  present  in  some  ‘adolescent’  guards;  but  extensive  secondary  deepening  is  confined 
to  the  adult  stage,  sometimes  proceeding  so  far  that  the  alveolar  wall  is  intersected. 

The  secondary  deepening  of  the  ventral  groove  in  B.  stolleyi  may  be  considered  to  be 
a result  of  either; 


(i)  a weathering  process  (e.g.  exfoliation),  or 

(ii)  the  development  of  a zone  of  incomplete  calcification  or  resorption  along  the 
ventral  groove. 


a 


TEXT- FIG.  1 . Cross-sections  of  Belemnopsis  guards. 

a,  Belemnopsis  gerardi  (Oppel).  Lectotype.  Upper  Jurassic  of  Kalabagh,  Upper  Punjab.  No.  1872.  xv. 
502,  Schlagintweit  Collection,  Munich.  Figured  Stevens  1963,  pi.  98,  figs.  1-4.  Cross-section  35  mm. 
from  apex  (x  H).  h,  B.  stolleyi  sp.  nov.  Holotype.  Upper  Jurassic  of  North  Jamdena,  Indonesia. 
Specimen  J.52/9,  Weber  Collection,  Basel.  Cf.  PI.  95,  figs.  4-6  of  present  work.  Cross-section  63  mm. 
from  apex  (X  I t),  c,  B.  aucklandica  (Hochstetter).  Holotype.  Upper  Jurassic,  mouth  of  Waikato  River, 
New  Zealand.  No.  1865.  xxxvii.  73,  Hochstetter  Collection,  Vienna.  Figured  Hauer  (in  Zittel,  1864), 
pi.  8,  figs.  2a,  lb.  Cross-section  40  mm.  from  apex  (x  L|).  d,  B.  iihligi  Stevens.  Upper  Jurassic  of  Fatjet, 
Misol  Archipelago,  Indonesia.  Specimen  116/1,  Weber  Collection,  Basel.  Figured  Stevens  1963,  pi.  99, 
figs.  6-9.  Cross-section  75  mm.  from  apex  (x  H). 


If  the  secondary  deepening  is  a weathering  phenomenon,  it  is  difficult  to  account  for 
its  localization  in  the  groove,  leaving  the  remainder  of  the  guard  unaffected.  The  guards 
of  B.  stolleyi  from  Jamdena  are  well  preserved;  their  external  surfaces  show  no  traces  of 
corrasion,  chemical  alteration,  &c.  Most  of  the  guards  show  traces  of  lateral  lines,  and 
many  show  them  very  clearly.  These  are  very  delicate  features  of  the  guard’s  surface  and 
it  is  probable  that  they  would  not  survive  any  weathering  process  capable  of  decalcifying 
and  deepening  the  groove. 

Secondary  deepening  of  the  ventral  groove  is  not  confined  to  specimens  from  one 
locality.  The  specimens  of  B.  stolleyi  come  from  two  regions  of  Jamdena,  separated  by 
50  km.;  and  specimens  of  Dicoelites  with  secondarily  deepened  ventral  grooves  have 
been  obtained  from  Timor,  Jamdena,  and  the  Himalayas  (see  below). 

The  secondary  deepening  of  the  ventral  groove  in  B.  stolleyi  is  normally  so  extensive 
that  it  cannot  be  the  result  merely  of  exfoliation  of  the  thinned-out  growth  lamellae  at 
the  edges  of  a naturally  deep  groove.  Slight  exfoliation  can  occur  in  large  specimens  of 
B.  gerardi  (=  B.  uhligi  Stevens),  as  observed  by  Uhlig  (1903-10,  p.  384),  Boehm  (1907, 
pp.  53-55;  1909),  and  by  the  writer  in  B.  uhligi  specimens  from  Indonesia;  but  this 
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exfoliation  is  irregular,  and  usually  affects  only  the  two  or  three  outermost  growth 
lamellae. 

If  the  secondary  deepening  is  regarded  as  occurring  during  the  animal’s  lifetime,  two 
possibilities  may  be  considered : 

(a)  a zone  of  incomplete  calcification  was  developed  along  the  ventral  groove,  this 
zone  being  particularly  susceptible  to  weathering; 

(b)  resorption  occurred  along  the  line  of  the  groove  in  the  adult  stage. 

Incomplete  calcification  may  have  been  induced  by  a shortage  of  calcium  carbonate  in 
the  environment;  but  it  is  difficult  to  account  for  the  restriction  of  decalcification  to  the 
ventral  groove.  The  incomplete  calcification  along  the  ventral  groove  might  have  become 
apparent  only  in  the  adult  stage,  and  been  followed  after  the  death  of  the  animal  by 
exfoliation  of  the  incompletely  calcified  growth-layers.  Individual  specimens  of  many 
belemnite  species  of  the  boreal  province  (e.g.  Russia)  show  exfoliation  along  the  ventral 
groove  (e.g.  Murchison  et  aJ.  1845,  pi.  31,  figs.  1-4;  and  specimens  from  the  Moscow 
basin  in  the  Steinmann  Collection,  Freiburg)  but  the  exfoliation  is  always  irregular, 
leaving  an  uneven  surface  and  unaffected  areas.  But  the  secondarily  deepened  ventral 
grooves  of  B.  slolleyi.  Dicoelites,  &c.,  are  always  regular  and  smooth,  except  for  the 
truncated  edges  of  the  growth  lamellae  of  the  guard,  which  form  striae  on  the  walls  of 
the  groove ; and  the  groove  deepens  regularly  towards  the  anterior. 

In  the  writer’s  opinion,  resorption  along  the  line  of  the  ventral  groove  while  the  animal 
was  living  provides  the  more  likely  explanation  of  such  a regular  and  extensive  deepen- 
ing. The  resorption  probably  occurred  at  the  base  of  blood-vessels  aligned  along  the 
groove  and  supplying  lateral  fins  (Stevens,  in  press).  If  the  lateral  fins  increased  in  size 
in  the  adult  stage,  or  were  used  more  frequently  as  a means  of  locomotion,  an  augmenta- 
tion of  the  blood-supply  would  have  been  necessary;  and  if  the  blood-vessels  were  sited 
in  the  ventral  groove  as  a protective  measure  (i.e.  if  the  guard  was  enveloped  by  only  a 
thin  sheet  of  tissue),  material  may  have  been  resorbed  from  the  fioor  of  the  groove  in 
order  to  accommodate  the  enlarged  blood-vessels. 

Secondary  deepening  of  the  ventral  groove  in  the  adult  stage  has  also  been  observed 
in  other  belemnite  species.  Secondary  deepening  of  the  ventral  groove  to  intersect  the 
growth  lamellae  of  the  guard  was  one  of  the  characters  used  by  Neumayr  (1889,  p.  52) 
to  distinguish  his  group  of  belemnites  the  ‘Absoluti’  from  the  ‘Canaliculati’.  B.  gerordi 
(Oppel)  [=  B.  uhligi  Stevens],  B.  sidcatm  (Miller),  Acroteuthis  volgensis  (d’Orb.),  and 
Cylmdroteiithis  absolutus  (Pander)  were  included  in  the  ‘Absoluti’  (see  Uhlig  1903-10, 
pp.  383-4).  Boehm  (1907,  pp.  53-55;  1909),  supported  by  Uhlig  (1903-10,  p.  384), 
showed  that  in  B.  gerardi  (=  B.  uhligi)  intersection  of  the  growth  lamellae  by  the  ventral 
groove  was  not  a normal  feature  of  the  guard  and  was  caused  by  exfoliation.  The  sup- 
posed secondary  deepening  of  the  groove  in  A.  volgensis  and  C.  absolutus  is  also  a result 
of  exfoliation  and  is  not  a normal  feature  of  the  guard.  The  writer  has  examined  speci- 
mens of  these  species  and  Pachyteuthis  panderiana  (d’Orb.)  from  the  Upper  Jurassic  of 
Russia  (Steinmann  Collection,  Freiburg)  and  has  found  that  the  secondary  deepening 
of  the  groove  in  them  is  very  irregular  and  cannot  be  compared  with  the  regular  deepen- 
ing present  along  the  ventral  groove  of  B.  stolleyi. 

Many  of  the  belemnites  in  old  Himalayan  collections  were  identified  as  Belemnites 
sulcotus  Miller:  some  of  these  specimens  are  in  the  collections  of  the  British  Museum 


626 


PALAEONTOLOGY,  VOLUME  7 

(Natural  History)  and  have  been  examined  by  the  writer.  Four  specimens  are  in  the 
Strachey  Collection,  from  the  Niti  Pass,  Himalaya  (referred  to  by  Crick  1904,  p.  64), 
C2565.  Other  specimens  of  B.  sulcalus  from  Niti  have  been  illustrated  by  Salter  and  Blan- 
ford  1865,  pi.  10,  figs.  1-8.  It  is  probable  that  the  B.  sulcatus  referred  to  in  Neumayr’s 
paper  (see  above)  was  based  on  these  Indian  specimens,  as  collections  from  the  Himalayas 
(e.g.  the  Schlagintweit  Collection)  were  available  to  Neumayr,  who  was  at  Munich, 
and  as  fossils  collected  by  the  Indian  Geological  Survey  were  sent  to  Munich,  for  study 
by  Waagen  and  Uhlig.  But  the  Himalayan  specimens  of  B.  sulcatus  do  not  resemble  the 
typical  B.  sulcalus  recorded  from  localities  in  England  (Miller  1823,  pi.  8,  figs.  3-5; 
Phillips  1865-1909,  pi.  29,  pi.  30,  pp.  115-17)  and  France  (Blainville  1827,  pi.  2,  figs.  1, 
2).  These  Indian  specimens  have  secondarily  deepened  grooves,  and  resemble  the  speci- 
mens of  Dicoelites  applanatus  (Stolley)  from  Indonesia  referred  to  below. 

Secondarily  deepened  ventral  grooves  have  been  observed  in  specimens  of  Dicoeiites 
(=  Prodicoelites  Stolley;  see  Stevens  1964)  from  Indonesia.  The  ventral  groove  in 
Dicoeiites  is  normally  deep  and  narrow,  but  secondary  deepening  has  been  observed, 
mainly  in  specimens  of  D.  applanatus.  This  deepening  is  usually  not  as  well  developed  as 
in  B.  stoileyi,  and  is  not  a consistent  feature  of  the  guard.  The  dorsal  groove  of  Dicoeiites 
specimens  is  not  affected. 

Stolley  (1929)  recognized  secondary  deepening  of  the  ventral  groove  in  D.  applanatus: 
he  figured  (1929,  pi.  6,  figs.  12c,  14c,  20)  specimens  with  secondary  deepening,  besides 
one  (pi.  6,  fig.  19c)  without  it.  Stolley’s  specimens  showing  secondary  deepening  came 
from  Rotti,  and  the  writer  has  seen  similar  specimens  in  collections  from  J.197,  ‘Tasite 
Schwassa’,  South  Jamdena  (Weber  Collection,  Basel).  This  locality  is  probably  the  same 
as  Stolley’s  locality  ‘Tasik  Selwasa’,  whence  he  obtained  specimens  of  D.  applanatus. 

In  D.  applanatus  the  alveolus  is  ventrally  placed  and  the  apical  line  follows  a markedly 
excentric  course,  also  ventrally  placed  {not  dorsally  placed,  as  stated  by  Stolley  1929, 
p.  187).  In  specimen  J. 197/5,  the  distance  from  apex  to  protoconch  measures  73  mm., 
and  at  the  position  of  the  protoconch  the  apical  line  is  5 mm.  from  the  venter ; the  sagittal 
diameter  at  this  point  is  13-5  mm.  The  apical  line  remains  roughly  parallel  to  the  venter 
until  about  13  mm.  from  the  apex.  Here  the  ventral  surface  converges  sharply  towards 
the  dorsal  surface  and  the  apical  line  takes  a similar  course,  terminating  at  the  apex.  The 
ventral  groove  normally  attains  a depth  of  2 mm.  and  therefore  only  3 mm.  of  secondary 
deepening  is  necessary  in  order  to  expose  the  apical  line  or  the  alveolus,  especially  to- 
wards the  anterior  portion  of  the  guard,  where  the  groove  naturally  deepens.  In  B. 
stoileyi,  where  the  apical  line  is  not  so  markedly  excentric,  some  4-5  mm.  of  deepening 
is  often  required. 

Alveolus  of  B.  stoileyi.  An  unusual  feature  of  the  guard  of  B.  stoileyi  is  the  loss  of  the 
phragmocone  and  collapse  of  the  alveolar  region.  In  Belemnopsis,  the  guard  is  usually 
robust ; even  with  loss  of  the  phragmocone  the  alveolar  walls  are  usually  capable  of  with- 
standing any  sedimentary  pressure.  But  in  B.  stoileyi  the  alveolus  has  invariably  col- 
lapsed and  this  does  not  appear  to  be  a result  of  abnormal  sedimentary  pressure  as  the 
guards  are  not  deformed  in  any  other  way.  The  fragility  of  the  alveolar  wall  in  B. 
stoileyi  seems  to  imply  some  difference  in  its  structure,  contrasting  with  that  in  other 
species  of  Belemnopsis.  Crushing  of  the  alveolar  region  has  obscured  the  structure  of  the 
internal  wall  of  the  alveolus  in  all  the  B.  stoileyi  specimens  available  to  the  writer. 
A possible  explanation  of  the  fragility  of  the  alveolar  region  is  that  the  innermost  layers 
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of  the  alveolar  wall  have  been  partially  decalcified  by  the  process  akin  to  that  responsible 
for  the  production  of  the  pseudoalveolus  of  Dimitobelus,  Acthwcamax,  &c. 

Comparison  with  the  uhligi-complex.  The  Upper  Jurassic  belemnite  fauna  of  the  Indo- 
Pacific  region  is  dominated  by  a number  of  apparently  interrelated  species  which  have 
been  termed  the  nhligi -complex  (Stevens  1963  and  in  press).  The  complex  includes  belem- 
nites  identified  by  previous  workers  (e.g.  Stolley  1929,  1934)  as  B.  gerardi  (Oppel) 
(=  B.  uhligi  Stevens),  B.  aucklandica  (Hochstetter),  B.  taliabutica  (Boehm),  B.  mohiccana 
(Boehm),  B.  sidanim  (Boehm),  B.  galoi  (Boehm),  B.  indica  Kruizinga,  B.jonkeri  Stolley, 
B.  suavis  Stolley,  and  B.  rumphii  Kruizinga. 

In  general  morphology  the  guard  of  B.  stolleyi  resembles  that  of  the  more  slender 
variants  of  B.  uhligi.  A cylindrical  guard  gradually  increasing  in  width  towards  the 
anterior  is  common  to  both  species,  as  is  an  excentric  alveolus  and  apical  line,  both 
ventrally  placed.  But  there  are  considerable  differences  in  groove  characters.  In  the 
z//?//g/-complex  the  ventral  groove  does  not  extend  as  far  posteriorly  as  in  B.  stolleyi 
and  there  is  also  no  sign  of  the  secondary  deepening  of  the  ventral  groove  shown  by 
B.  stolleyi.  The  ventral  groove  in  adult  specimens  of  B.  uhligi  of  comparable  dimensions 
has  a maximum  depth  of  T5  mm.,  compared  with  3 or  4 mm.  in  B.  stolleyi.  Prominent 
lateral  lines  are  normally  present  in  B.  stolleyi,  but  they  are  rarely  present  in  members 
of  the  uhligi-complex. 

A further  difference  is  that  an  apical  perforation  is  normally  developed  in  B.  stolleyi, 
but  never  in  the  uhligi-complex.  This  may  indicate  some  difference  in  the  construction 
of  the  guard  or  in  the  nature  of  the  apical  line.  For  example,  in  B.  stolleyi  an  open  canal 
occupying  the  position  of  the  apical  line  may  have  persisted  in  the  adult  guard,  opening 
to  the  exterior  at  the  apex.  The  presence  of  this  apical  perforation  allowed  exfoliation  of 
the  apex  to  occur,  considerably  enlarging  the  aperture.  In  the  uhligi-complex,  the  apical 
canal  did  not  remain  open  in  the  adult  stage,  and  so  an  apical  perforation  is  not 
developed. 

Though  B.  stolleyi  may  be  distinguished  from  the  belemnites  of  the  uhligi-complex,  it 
is  probably  closely  related  to  them.  Specimens  that  may  be  transitional  between  stolleyi 
and  the  uhligi-complex  are  present  in  collections  from  locality  M.36,  Fatjet  (Weber 
Collection,  Basel;  see  Stolley  1934,  p.  484;  Upper  Fatjet  Shale);  and  other  transitional 
forms  are  present  in  collections  from  Beleberg,  Timor  (Molengraaff  Collection,  Delft), 
of  which  some  examples  were  figured  by  Stolley  1929,  pi.  1,  figs.  30-32.  Lateral  lines  are 
not  shown  in  these  latter  specimens  as  the  external  surface  of  the  guard  has  been  slightly 
abraded.  But  the  ventral  groove  is  clearly  shown,  and  is  different  from  that  of  typical 
uhligi : it  starts  closer  to  the  apex  and  deepens  immediately  to  its  full  depth,  instead  of 
gradually  deepening  towards  the  alveolus.  Both  figs.  30  and  31  of  Stolley’s  plate  1 (nos. 
14574  and  14575,  Delft)  show  considerable  distortion  of  the  alveolar  region,  as  though 
slight  thinning  of  the  alveolar  wall  may  have  occurred. 

Stratigraphic  range.  Apart  from  probable  transitional  forms  in  Fatjet  and  Timor,  B. 
stolleyi  has  been  found  only  in  Jamdena.  Stolley  (1929,  pp.  168-9)  stated  that  B.  stolleyi 
(i.e.  ' B.  aucklandica')  occurs  above  B.  uhligi  (i.e.  ' B.  gerardi'),  and  in  his  evolutionary 
sequence  of  Indonesian  Belemnopsis  (Stolley  1934,  p.  472),  B.  stolleyi  is  derived  from  B. 
uhligi.  The  writer  has  not  found  B.  uhligi  associated  with  B.  stolleyi.  The  belemnite 
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collections  from  Jamdena  contain  the  following  species,  apart  from  B.  stoUeyi  (identi- 
fications based  on  the  Jamdena  material  in  the  Weber  Collection,  Basel) : 

(i)  Dicoelites  mihanus  Boehm:  ‘ Belemnitenbach ’,  North  Jamdena;  Tasik  Selwasa; 
Locality  12,  North  Jamdena;  Locality  J.197,  Tasite  Schwassa,  South  Jamdena. 

(ii)  Dicoelites  applanatus  (Stolley):  Locality  J.197,  Tasite  Schwassa,  South  Jamdena. 

(iii)  Belemnopsis  mohiccana  (Boehm):  Locality  J.52,  variegated  marl-clays,  ‘Belemni- 
tenbach’, North  Jamdena. 

The  B.  StoUeyi  specimens  from  Jamdena  were  identified  by  Stolley  as  Belemnites  sp., 
B.  gerardi  B.  uliligi),  and  B.  auckJandica,  and  these  identifications  probably  provided 
the  basis  for  the  supposition  that  B.  stoUeyi  occurs  above  B.  uhligi,  and  presumably  also 
for  Wanner’s  stratigraphic  table  for  Jamdena  (1931,  p.  61 1,  table  2),  in  which  he  showed 
‘5.  gerardi  mergelkalke’  occurring  below  a ‘Belemniten  mergelkalke’. 

Wandel  (1936,  p.  517)  has  recorded  Buchia  malayomaorica  (Krumbeck)  from  Weber’s 
‘Belemnitenbach’  locality  but  there  is  no  proof  that  these  specimens  and  the  specimens 
of  Dicoelites  identified  by  the  writer  from  the  same  locality  came  from  the  same  horizon 
as  the  specimens  of  B.  stoUeyi.  As  the  collections  were  made  from  a stream  bed,  and 
presumably  extended  for  some  distance  along  it,  a number  of  beds  may  be  represented 
in  the  collections  from  the  locality.  It  is,  however,  likely  that  the  specimens  of  Belem- 
nopsis moluccana,  also  present  in  the  ‘Belemnitenbach’,  came  from  roughly  the  same 
bed  as  B.  stoUeyi  as  the  writer  found  the  two  species  intermingled  in  Weber’s  collections. 
Elsewhere  in  Indonesia  (e.g.  Misol),  Buchia  malayomaorica  is  associated  with  B.  moluc- 
cana, and  it  may  be  that  the  belemnite  collections  from  the  ‘Belemnitenbach’  came  from 
a small  number  of  beds. 

B.  moluccana  is  an  early  representative  of  the  z//?//g/-complex,  and  is  thought  to  be  of 
Middle  Kimeridgian  age  (Stevens,  in  press).  B.  moluccana  and  Dicoelites  mihanus  are 
found  in  the  Demu  and  Lilinta  Marls  of  Misol,  and  B.  malayomaorica  in  the  Lilinta 
Marls  and  Lower  Fatjet  Shale  of  Misol.  B.  malayomaorica  also  occurs  in  the  Ohineruru- 
Takatahi  horizons  of  the  Kawhia  Harbour  section  (New  Zealand),  of  Lower-Middle 
Kimeridgian  age  (Fleming  1960;  Fleming  and  Kear  1960).  Thus  there  is  every  indication 
that  B.  StoUeyi  is  of  Lower  or,  more  probably.  Middle  Kimeridgian  age  and  precedes 
the  main  development  of  the  w/z//g/-complex. 
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PALAEOTAXODONT  BIVALVES  FROM  THE 
PERMIAN  OF  NEW  ZEALAND 

by  J.  B.  WATERHOUSE 


Abstract.  Fifteen  species  of  palaeotaxodont  bivalves  are  described  from  the  upper  Artinskian  and  Kungurian 
marine  deposits  of  New  Zealand.  New  species  are  Niiculopsis  imperta,  N.  ovifonnis,  Quadratonucula  asymmetrica, 
Polidevcia  anteqiiadrata,  Glyptoleda  iritricata,  G.  flexuosa,  and  G.  simplicata.  One  new  genus  Nuciindata  is 
proposed,  with  new  species  N.  imdata,  N.  truncaia,  N.  obliqua,  and  N.  prolonga.  An  Australian  species  Nuculana 
concitma  of  Fletcher  non  Dana  is  renamed  Polidevcia  nodulosa  sp.  nov.  The  genera  Phestia,  Polidevcia,  Giypto- 
leda,  and  Niicundata  are  referred  to  the  subfamily  Polidevciinae  within  the  Nuculanidae. 

In  the  Permian  of  New  Zealand,  palaeotaxodont  bivalves  are  restricted  to  the  middle 
Permian.  Two  species  are  found  in  the  Letham  Formation,  and  thirteen  in  the  overlying 
Mangarewa  Formation.  The  Letham  Formation  is  probably  upper  Artinskian  in  age 
and  the  Mangarewa  Formation  is  probably  Kungurian  (Waterhouse  19636,  1964). 

Classification.  In  a recent  symposium,  Cox  (1959),  Yonge  (1959),  Owen  (1959),  and 
Purchon  (1959)  have  shown  that  the  protobranch  bivalves  with  primary  taxodont 
dentition  cannot  be  grouped  with  the  filibranch  Arcacea  with  their  secondarily  derived 
taxodont  dentition.  As  a result,  these  two  groups  should  not  be  united  under  the  order 
Taxodonta  Neumayr  as  in  Thiele  (1935).  The  first  of  these  groups  has  recently  been 
named  the  Palaeotaxodonta  by  Korobkov  (1954),  and  this  appears  to  be  the  most  useful 
taxon  for  the  protobranchs  with  taxodont  dentition.  Ctenodonta  of  Douville  is  unsuit- 
able, being  also  the  name  of  a genus. 

The  upper  Palaeozoic  representatives  of  the  Nuculanidae  H.  and  A.  Adams  are 
referred  to  the  Polidevciinae  Kumpera,  Prantl,  and  Ruzicka.  These  genera,  namely 
Phestia  Chernyshev  1951,  Polidevcia  Chernyshev  1951,  Glyptoleda  Fletcher  1945,  and 
Nuciindata  gen.  nov.,  are  rostrate  like  the  Nuculanidae,  and  have  a chondrophore,  but 
unlike  the  living  forms  lack  a pallial  sinus,  and  have  umbonal  pedal  retractor  scars  on 
an  internal  rib  below  the  umbones. 

Orientation  of  specimens.  Girty  (1910),  H.  Chronic  (1952),  J.  Chronic  (1953),  and  Elias 
(1957)  orient  the  shell  of  the  Palaeozoic  Nuculidae  so  that  the  beaks  are  prosogyrous  and 
the  posterior  shell  longer  than  the  anterior  part,  in  contrast  to  living  Nuculidae  in  which 
the  reverse  is  true.  The  writer  prefers  to  follow  Schenck  (1934),  Wilson  (1960),  and 
Dickins  (1963)  in  considering  that  the  Palaeozoic  forms  are  oriented  like  the  living  forms. 
The  groove  that  Girty  and  Elias  considered  to  be  an  inner  escutcheon  is  similar  to  the 
groove  seen  in  front  of  the  beaks  in  living  and  Recent  Nuculids  and  Nuculanids.  Camp- 
bell and  Engel  (1963,  p.  100)  have  also  pointed  out  that  the  position  of  the  pedal  muscle 
scars  in  some  Palaeozoic  species  confirms  that  they  are  oriented  like  the  living  Nuculidae. 

Measurements.  Because  the  shells  are  equivalve  the  right  valves  are  not  measured 
separately  from  the  left  valves.  The  dimension  at  right  angles  to  the  length  and  height 
is  termed  ‘width’  rather  than  ‘thickness’,  following  Waterhouse  (1960,  p.  425).  The 
position  of  the  umbo  is  important  in  the  recognition  of  species,  and  this  is  indicated  in 

[Palaeontology,  Vol.  7,  Part  4,  1964,  pp.  630-55,  pis.  96-98.] 
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tables  of  dimensions  as  ‘umbo  from  anterior’.  It  refers  to  the  distance  between  the  tip 
of  the  umbo  and  the  anterior  end  of  the  shell. 

Terminology  and  morphology.  For  convenience  of  description  the  shell  may  be  divided 
into  an  anterior  portion,  in  front  of  the  beaks,  and  a posterior  portion  behind  the  beaks 
(text-fig.  1).  The  outline  of  the  shell  is  described  in  terms  of  the  length  and  shape  of  the 


TEXT-FIG.  1.  Diagram  of  internal  mould  of  right  valve  of  typical  Phestiinae — showing  internal  umbonal 
ridge,  muscle  scars,  and  entire  pallial  line,  and  terms  used  in  the  description  of  the  shell. 

anterior  and  the  posterior  portions.  Close  to  the  dorsal  margin  of  the  posterior  portion 
in  the  Nuculanidae  is  the  ‘posterior  dorsal  slope’,  which  varies  considerably  in  outline 
and  length.  It  corresponds  virtually  with  the  crest  of  the  posterior  umbonal  ridge  seen 
in  lateral  aspect.  A high  median  ridge  is  usually  developed  along  the  posterior  commissure 
above  the  posterior  umbonal  ridge.  Its  profile  is  not  considered  to  be  part  of  the  posterior 
dorsal  slope,  but  it  does  outline  part  of  the  posterior  dorsal  margin. 

In  Permian  palaeotaxodont  genera  the  external  ligament  varies  considerably.  The 
anterior  umbonal  ridges  generally  surround  a shallow  lunular  depression  along  the 
hinge,  and  the  lunule  may  be  further  enclosed  by  a second  pair  of  low  ridges  which  lie 
within  the  umbonal  ridges,  and  can  be  loosely  termed  the  ‘ lunular  ridges  ’.  The  escutcheon 
is  better  defined.  It  is  wide  and  deeply  concave,  enclosed  by  the  posterior  umbonal  ridges 
and  commonly  raised  along  the  mid-line  in  the  Nuculanidae.  In  some  genera  the 
escutcheon  is  subdivided  into  an  inner  and  outer  escutcheon  by  a pair  of  ridges,  which 
I term  the  ‘inner  escutcheon  ridges’  (text-fig.  2).  These  arise  from  the  anterior  end  of 
the  raised  part  of  the  mid-line,  and  curve  forward  to  unite  under  the  beak  with  the 
pair  of  lunular  ridges  that  surround  the  lunule.  In  Glyptoleda  Fletcher,  ‘outer  escutcheon 
ridges’  are  also  developed.  These  he  outside  the  inner  escutcheon  ridges,  just  within 
the  posterior  umbonal  ridges  (text-fig.  2). 

In  addition  to  the  anterior  and  posterior  adductor  and  anterior  pedal  muscle  scars, 
the  upper  Palaeozoic  genus  Phestia  and  its  allies  have  one  to  three  umbonal  pedal 
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retractor  scars,  placed  on  an  internal  rib  that  slopes  towards  the  ventral  margin  from 
the  umbo.  The  presence  of  these  muscles  and  the  absence  of  a pallial  sinus  distinguish 
the  group  from  the  living  members  of  the  Nuculanidae.  Dentition  consists  of  numerous 
taxodont  teeth  in  front  of  and  behind  the  umbo.  A chondrophore  lies  below  the  umbonal 
teeth. 

lunule 

anterior  umbonal  ridge 
umbo 

umbonal  flank 
inner  escutcheon 
inner  escutcheon  ridge 
outer  escutcheon  ridge 

posterior  umbonal  ridge 
rostrum 

TEXT-FIG.  2.  Dorsal  view  of  Glyptoleda,  showing  lunule  and  escutcheon  and  ridges. 

Preservation.  One  curious  feature  in  the  preservation  of  the  New  Zealand  Permian 
Palaeotaxodonta  is  that  the  shell  material  is  generally  replaced  by  chlorite.  As  a result 
the  original  shell  structure  is  no  longer  available  for  study.  The  specimens  are  now  com- 
posed of  almost  pure  yellow-green  or  reddish-brown  chlorite  in  tiny  interlayered  flake- 
lets.  Minor  zeolite  (probably  stilbite)  is  seen  in  one  thin  section  of  Nucimdata  obliqiia 
sp.  nov.  Chloritic  material  has  also  replaced  the  shell  in  some  New  Zealand  Permian 
gastropods  (Waterhouse  1963a,  p.  90)  and  some  bivalve  species,  but  does  not  affect  all 
genera — for  instance,  valves  of  Atomodesma  are  still  composed  of  calcite  (Waterhouse 
1963c).  One  possible  explanation  is  that  the  original  shell  substance  was  dissolved  in 
certain  groups  of  fossils — those  with  more  original  aragonite  in  the  shell,  perhaps,  and 
that  fine  chlorite  from  the  surrounding  volcanic  greywacke  detritus  was  then  trans- 
ported mechanically  into  the  ensuing  space.  Why  the  chlorite  should  be  so  pure  remains 
a mystery. 

Registration  of  specimens  and  fossil  localities.  Each  specimen  of  significance  is  registered  serially  by 
number  with  the  prefix  TM.  The  specimens  are  all  stored  at  the  N.Z.  Geological  Survey,  Lower  Hutt. 
The  localities  from  which  the  specimens  came  are  serially  numbered  with  the  prefix  GS.  Details  of  the 
fossil  localities  are  given  in  the  appendix. 

SYSTEMATIC  DESCRIPTIONS 

Family  nuculidae  D’Orbigny 
Genus  nuculopsis  Girty  1911 

Type  species.  Niicida  (Niicidopsis)  girtyi  Schenck  1934  (new  name  for  Niicida  ventricosa  Hall  1858, 
originally  designated  by  Girty). 
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Diagnosis.  Beak  strongly  opisthogyrous,  chondrophore  ventral  to  the  teeth,  ventral 
margin  smooth,  lunular  depression  narrow,  weakly  delimited  by  a ridge  within  the 
umbonal  ridge. 

Nuculopsis  imperta  sp.  nov. 

Plate  96,  figs.  1-2;  text-fig.  3 

Material.  Two  specimens  with  valves  conjoined  from  GS  6323,  and  a right  and  left  valve  from  GS 
6070.  Decorticated,  and  chondrophore  obscured. 

Horizon.  Letham  Formation,  GS  6070,  6323. 

Holotvpe.  TM  3519,  GS  6323,  PI.  96,  fig.  2. 

Paratypes.  TM  3520,  GS  6323;  TM  2941,  3362,  GS  6070. 

Diagnosis.  Shell  with  opisthogyrous  posterior  beak,  concave  dorsal  posterior  margin, 
and  low  widely  spaced  costae. 

Dimensions  in  mm.  GS  6323  (both  valves) 


Specimen  Umbonal  Umbo  from 


(TM) 

Valve 

Length  Height  Width 

angle 

anterior 

3519 

both 

9-5  ?7-5  ?4-5 

GS  6070  (single  valves) 

O 

00 

6-8 

3362 

right 

9-5  8 3-5 

75° 

7-2 

2941 

left 

7-5  5-2  2-9 

85° 

5-7 

Description.  External.  The  shells  are  small,  moderately  inflated  from  GS  6323,  and  more 
inflated  from  GS  6070,  with  an  opisthogyrous  prominent  beak  and  the  posterior  dorsal 
margin  very  coneave  in  outline.  The  shell  is  weakly  depressed  along  the  hinge  to  form  a 
shallow  narrow  lunule  which  is  defined  by  a weak  ridge  within  the  umbonal  ridge  in 
TM  3362.  The  ventral  margin  of  the  shell  is  smooth,  without  gape  or  crenulations. 
Ornament  is  composed  of  low  irregular  costae,  three  in  1 mm.  at  the  ventral  margin. 

Internal.  At  least  three  posterior  taxodont  teeth  and  about  ten  anterior  teeth  occur 
in  the  holotype,  and  six  posterior  teeth  are  visible  in  TM  2941.  The  anterior  adductor 
muscle  scar  lies  in  front  of  the  hinge  close  to  the  ventral  margin.  It  is  rounded  and 
slightly  impressed.  The  pedal  and  posterior  scars  are  not  visible. 

Resemblances.  Niicula  glendonensis  Dana  from  Maitland  beds  at  Glendon,  New  South 
Wales,  is  somewhat  similar  in  shape  but  its  beak  is  lower  and  more  posteriorly  placed. 

Nuculopsis  glendonensis  (Dana  1849) 

Plate  96,  figs.  3-5;  text-fig.  3 

Nucitla  glendonensis  Dana  1849,  p.  699,  pi.  7,  fig.  5. 

New  Zealand  material.  Three  right  and  three  left  valves  from  GS  6071  and  two  right  valves  from  GS 
6072. 

Horizons.  Mangarewa  Formation,  GS  6071,  6072.  Muree  Formation,  Maitland  Group,  at  Glendon, 
New  South  Wales. 

Holotype.  Specimen  figured  by  Dana  1849,  pi.  7,  fig.  5. 

Diagnosis.  Oval  specimens  with  low  very  posterior  beaks,  and  short  posterior  dorsal 
margin. 
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Dimensions  in  mm. 


PALAEONTOLOGY,  VOLUME  7 


GS  6071  (left  valves) 


Specimen 

(TM) 

Length 

Height 

Width 

Umbonal 

angle 

Umbo  from 
anterior 

3615 

5 

3-5 

1-8 

90° 

3-8 

2359 

13-5 

9 

4-5 

95° 

11 

3616 

8-8 

GS  6072  (right  valves) 
6-3  2-6 

95° 

7 

(TM  3615  and  3616  are  internal  moulds) 

Description  and  resemblances.  The  New  Zealand  specimens  match  well  in  external 
appearance  with  Dana’s  type,  except  that  the  measured  valve  from  GS  6072  is  slightly 
more  elongated  with  a height/length  ratio  of  0-71,  compared  with  0-69  for  Dana’s 


imberta 
X 
X 

O 

O glendonensis 

* o 

oviformis  ® 

I I 

■6  7 -8 

Length  of  anterior  / Length 

TEXT-FIG.  3.  Graph  of  dimensions  expressed  in  ratios  for  New  Zealand  Permian 
species  of  Nnculopsis.  The  ‘ length  of  anterior  ’ refers  to  the  distance  between  the 
anterior  end  of  the  shell  and  the  tip  of  the  umbo. 

specimen.  The  low  posteriorly  placed  beak  is  particularly  diagnostic.  A narrow  lunular 
depression,  defined  by  a low  ridge  within  the  umbonal  ridge,  is  present  in  TM  3614, 
2446,  and  perhaps  in  3615.  Taxodont  dentition  is  seen  in  TM  3620  and  in  a poorly 
preserved  specimen  TM  3621. 

Nnculopsis  girtyi  Schenck  1934  from  the  upper  Carboniferous  of  the  United  States  is 
moderately  close,  especially  in  its  early  growth  stages,  but  the  posterior  dorsal  margin  is 
higher  and  a little  more  concave  in  outline.  Nucula  poposiensis  Branson  1930,  pi.  10, 
figs.  1-6,  from  the  Lower  and  Middle  Phosphoria  of  Wyoming  has  a posteriorly  placed 
but  more  prominent  beak. 

Nnculopsis  oviformis  sp.  nov. 

Plate  96,  figs.  6-8;  text-fig.  3 

Material.  A left  valve  from  GS  781 1,  two  left  valves  from  GS  3616,  two  left  and  four  right  valves  from 
GS  6071,  and  three  specimens  with  valves  conjoined  from  GS  6072. 


J.  B.  WATERHOUSE:  PAL AEOTAXODONT  BIVALVES  FROM  NEW  ZEALAND  635 
Horizon.  Mangarewa  Formation,  GS  3616,  6071,  6072,  7811. 

Holotype.  TM  2447,  GS  6072,  PI.  96,  figs.  6,  7. 

Paratypes.  TM  2338-40,  GS  6071 ; TM  2341,  2342,  GS  6072;  TM  2940,  GS  781 1. 

Diagnosis.  Suboval  inflated  shell  with  low  beak  placed  near  posterior  third,  dorsal  pos- 
terior margin  of  moderate  height  and  concavity.  Costae  fine. 


Dimensions  in  mm. 


Specimen 

{TM) 

Valve 

Length 

Height 

Width 

Umbonal 

angle 

Umbo  from 
anterior 

3613 

left 

9-5 

GS  3616 
6-8 

2-3 

85° 

1 

2338 

left 

12-2 

GS  6071 
8-1 

2-9 

?85° 

8-8 

2340 

right 

12-2 

7-7 

3-7 

90° 

8-8 

2447 

both 

12-5 

GS  6072 
9-2 

90 

100° 

8-7 

2341 

left 

12-6 

8-2 

4-6 

90° 

8-7 

2342 

right 

13-4 

8-8 

4 

100° 

9 

2940 

left 

9-5 

GS  7811 
6-7 

20 

100° 

6 

Description.  External.  The  specimens  are  oval  in  outline,  with  moderately  opisthogyrous 
beaks  situated  just  behind  the  posterior  third  of  the  shell  length.  The  dorsal  posterior 
margin  is  only  moderately  concave  in  outline.  Inflation  and  shape  vary.  The  specimens 
from  GS  6072  are  well  inflated,  and  the  holotype  and  TM  234 1 are  subglobular.  Specimens 
from  GS  6071  vary  from  highly  inflated  to  little  inflated  forms.  The  lunule  is  narrow  and 
short,  and  bounded  by  a low  ridge  within  the  umbonal  ridge  (TM  2447).  The  escutcheon 
is  broad,  without  well-defined  umbonal  ridges.  Costae  are  low  and  concentric,  five 
occurring  in  1 mm. 

Internal.  At  least  sixteen  anterior  teeth  are  present  in  TM  3613.  The  adductor  scars 
are  subrounded  and  little  impressed.  Other  details  are  unknown. 

Resemblances.  This  species  is  distinguished  from  N.  imperta  of  the  underlying  Letham 
Formation  by  its  less  opisthogyrous  beak,  shorter,  less  concave  posterior  dorsal  margin, 
and  more  numerous  costae.  The  outline  of  N.  glendonensis  Dana  is  more  oval  and  the 
beak  more  posteriorly  placed  (text-fig.  3). 

Closest  species  is  N.  darlingtonensis  Dickins  1963,  pi.  1,  figs.  1-6  from  the  Fossil  Cliff 
Formation,  Nura  Nura  Member,  and  Cuncudgerie  Sandstone  of  Western  Australia. 
The  Australian  specimens  agree  well  in  outline  and  inflation  with  the  more  inflated 
specimens  from  GS  6071  and  6072,  and  have  similar  fine  costae  (six  in  1 mm.).  But  they 
are  only  half  the  size  of  this  species,  and  the  umbonal  angle  is  wider  than  that  of  most  of 
the  New  Zealand  specimens. 

Genus  quadratonucula  Dickins  1963 

Type  species.  Quadratonucula  australiensis  Dickins  1963,  by  original  designation. 

Diagnosis.  Shell  subquadrate  in  outline,  with  subangular  posterior  dorsal  extremity, 
beak  low,  weakly  opisthogyrous,  lunular  depression  narrow  and  defined  by  weak  ridges. 
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Discussion.  A feeble  lunular  ridge  in  paratype  B of  the  type  species  has  been  observed 
by  the  writer  at  the  Bureau  of  Mineral  Resources,  Canberra. 

Qiiadratomicida  asymmetrica  sp.  nov. 

Plate  96,  fig.  9 

Material.  Three  valves  from  GS  6071,  and  single  valves  from  GS  6074  and  7813,  showing  the  hinge 
but  not  the  chondrophore. 

Horizon.  Mangarewa  Formation,  GS  6071,  6074,  7813. 

Holotype.  TM  3618,  GS  6071,  PI.  96,  fig.  9. 

Paratype.  TM  3619,  GS  6071. 

Dimensions  in  mm. 

GS  6071  (right  valves) 


Specimen 

{TM) 

Length 

Height 

Width 

Umbonal 

angle 

Umbo  from 
anterior 

3619 

3-2 

2-5 

0-5 

95° 

2-8 

3618 

12-2 

1F4 

3-7 

92° 

9-5 

2343 

7-1 

GS  6074  (right  valve) 
6-5  3-0 

100° 

5 

(TM  3618  is  an  internal  mould) 

Description.  External.  The  shells  are  high,  with  prominent,  weakly  opisthogyrous, 
posteriorly  placed  beaks,  the  posterior  dorsal  margin  weakly  concave  in  outline,  and  the 
ventral  margin  well  rounded  in  outline.  The  anterior  dorsal  margin  is  poorly  known  but 
seems  to  be  excavate  and  bounded  by  anterior  umbonal  ridges.  Ornament  consists  of 
about  three  growth-lines  in  1 mm.,  with  traces  of  radial  striae. 

Internal.  The  hinge  is  almost  as  long  as  the  shell,  and  has  numerous  taxodont  teeth 
each  side  of  the  beak.  A chondrophore  might  be  present  below  the  teeth  but  is  not 
exposed.  Faint  oval  adductor  impressions  lie  just  below  the  anterior  and  posterior 
extremities  of  the  hinge  at  mid-height,  and  are  joined  by  an  entire  pallial  line. 

Resemblances.  The  New  Zealand  species  is  smaller  than  Q.  australiensis  Dickins  1963, 
pi.  1,  figs.  16-24  from  the  Fossil  Cliff  Formation  of  Western  Australia,  and  the  beak  is 
more  posteriorly  placed. 


EXPLANATION  OF  PLATE  96 

Figs.  1-2.  Nnculopsis  iinperta  sp.  nov.,  x4.  1,  Left  valve  TM  2941,  GS  6070.  2,  Holotype,  TM  3519, 
GS  6323. 

Figs.  3-5.  Nnculopsis  glendonensis  (Dana).  3,  Right  valve  TM  2942,  GS  6071,  x4  approx.  4,  Right 
valve  TM  3616,  GS  6072,  broken  posteriorly,  x4.  5,  Left  valve  TM  3615,  GS  6071,  x4-5. 

Figs.  6-8.  Nnculopsis  oviformis  sp.  nov.,  X 2-6,  7,  Dorsal  view  (posterior  pointing  to  top  of  plate)  and 
right  valve  of  holotype,  TM  2447,  GS  6072.  8,  Left  valve  of  TM  2342,  GS  6072. 

Fig.  9.  Qnadratonucula  asymmetrica  n.  sp.,  X 2.  Holotype,  right  valve,  TM  3618,  GS  6071. 

Figs.  10-12.  Polidevcia  ovata  (Laseron)  X 2.  10,  Internal  mould  of  left  valve,  TM  3483,  GS  6071.  11, 
Left  valve  TM  3499,  GS  6071.  12,  Right  valve  TM  3500,  GS  6071. 

Figs,  \h-\5.  Polidevcia  anteqnadrata?,p. now.,  X 2.  13,  Holotype,  TM  3441,  GS  6071.  14,  Internal  mould 
TM  3433,  GS  6071.  15,  Internal  mould,  TM  3435,  GS  6071. 

Fig.  16.  Polidevcia  aff.  nodulosa  sp.  nov.,  x2.  TM  3471,  GS  6072. 
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Nucula  monlpelierensis  Girty  1909,  pi.  4,  figs.  1-3  from  the  Phosphoria  beds  of  Idaho 
is  moderately  close,  but  is  distinguished  by  its  slightly  more  triangular  outline  and  the 
posterior  position  of  its  beak.  No  lunular  ridge  is  present  inside  the  anterior  umbonal 
ridge  in  this  form. 

Family  nuculanidae  H.  and  A.  Adams 
Subfamily  polidevciinae  Kumpera,  Prantl  and  Ruzicka 
Type  genus.  PoUdevcia  Chernyshev  1951,  emend.  Kumpera  et  al.  1960. 

Diagnosis.  The  Upper  Palaeozoic  genera  Phestia  Chernyshev  1951,  PoUdevcia  Cherny- 
shev 1951,  Glyptoleda  Fletcher  1945,  and  Nucwidata  gen.  nov.  agree  in  dentition  and 
shape  with  the  Tertiary  and  living  members  of  the  subfamily  Nuculaninae  but  lack  a 
pallial  sinus  and  possess  umbonal  pedal  retractor  scars  on  an  internal  rib  below  the 
umbones. 

Remarks.  The  genus  Phestia  is  better  known  than  the  type  genus  PoUdevcia.  The  two 
other  genera  based  on  bizarre  ornamentation  are  of  minor  importance,  having  been 
short-lived  and  restricted  in  geographic  distribution.  It  would  appear  that  the  Cretaceous 
Nuculanidae  belong  to  the  Nuculaninae,  but  the  affinities  of  the  lower  Mesozoic 
Nuculanidae,  particularly  from  the  Triassic,  are  more  obscure. 

Genus  polidevcia  Chernyshev  1951 

Type  species.  Polidevcia  karagandensis  Chernyshev  1951,  by  original  designation. 

Diagnosis.  Shell  prolonged  behind  the  beaks,  beaks  opisthogyrous,  lunule  and  escutcheon 
present,  escutcheon  divided  by  an  ‘inner  escutcheon  ridge’.  Ornament  of  concentric 
costae.  Numerous  taxodont  teeth,  subequal  in  number  in  front  of  and  behind  the 
chondrophore;  faint  adductor  and  pedal  scars,  and  up  to  three  umbonal  scars  on  a short 
internal  umbonal  ridge;  pallial  line  entire. 

Discussion.  In  1951  Chernyshev  erected  two  genera  Phestia  and  Polidevcia  for  upper 
Palaeozoic  species  previously  assigned  to  Leda  or  Nuculana.  Phestia  is  typically  short, 
often  with  a posterior  ventral  sinus  (though  not  in  the  type  species),  and  is  said  to  lack 
a lunule  (Chernyshev  1951,  p.  9).  It  has  a long  rib  internally  on  the  umbonal  slope, 
marked  by  a single  muscle  scar.  The  posterior  teeth  are  one  and  a half  times  more 
numerous  than  the  anterior  teeth,  from  which  they  are  separated  by  a chondrophore. 
The  type  of  Polidevcia  is  more  elongated,  with  a lunule  according  to  the  definition,  and 
without  a posterior  ventral  sinus.  The  escutcheon  is  divided  by  an  escutcheon  ridge. 
No  such  ridge  is  mentioned  in  the  description  of  Phestia,  nor  is  one  visible  in  the 
illustrations  (i.e.  Chernyshev  1951,  pi.  1,  figs.  \b,  5b,  6b,  156).  Teeth  are  subequal  in 
number  in  front  of  and  behind  the  beak.  According  to  Chernyshev  a chondrophore  is 
absent  from  PoUdevcia,  but  the  writer  agrees  with  Elias  (1957,  p.  750),  Wilson  (1960, 
p.  119),  Dickins  (1963),  and  Campbell  and  Engel  (1963)  that  one  is  probably  present. 
Chernyshev  referred  several  species  to  PoUdevcia,  N.  attenuata  Fleming,  N.  beUistriata 
Stevens,  N.  prolongata  Morningstar,  and  N.  meekana  Mark,  and  all  of  these  species 
have  a chondrophore.  Lintz  (1958,  p.  106)  proposed  a new  genus  Cuhmana  for  N. 
beUistriata  and  similar  forms,  to  be  used  should  PoUdevcia  prove  to  lack  a chondrophore. 

T t 


C 2514 


638 


PALAEONTOLOGY,  VOLUME  7 

Specimens  of  N.  bellistriata  at  the  N.Z.  Geological  Survey  have  a long  inner  umbonal 
ridge,  not  a short  one,  and  the  posterior  teeth  above  the  chondrophore  are  very  dense 
and  tiny  (as  described  for  Phestia  by  Chernyshev).  An  inner  escutcheon  ridge  is  present 
as  in  Polidevcia,  though  it  is  weakly  defined. 

Dickins  (1963)  has  recently  suggested  that  the  genus  Polidevcia  be  abandoned  in 
favour  of  Phestia,  because  a chondrophore  is  probably  present  in  Polidevcia.  He  also 
recorded  variation  in  the  number  of  scars  on  the  umbonal  slopes.  Wilson  (1960)  noted 
that  posterior  teeth  are  twice  as  numerous  as  anterior  teeth  in  N.  attenuata  Fleming,  one 
of  the  species  referred  to  Polidevcia  by  Chernyshev.  Yet  Polidevcia  is  supposedly 
characterized  by  teeth  of  subequal  number  in  front  of  and  behind  the  umbones.  No 
generic  importance  can  be  attached  to  the  relative  length  of  the  shell,  because  related 
genera  characterized  by  bizarre  ornament  vary  considerably  in  length  from  species  to 
species.  Unless  a host  of  new  genera  is  to  be  erected  to  cover  these  different  variations, 
it  appears  that  the  distinctions  between  Phestia  and  Polidevcia  lie  in  the  nature  of  the 
external  hinge.  Polidevcia  has  a lunule  and  an  inner  escutcheon  ridge,  Phestia  lacks  these 
features.  These  differences,  if  real,  are  likely  to  be  of  considerable  taxonomic  signi- 
ficance. Thus,  pending  a re-examination  of  the  Russian  types,  I propose  to  adopt 
Chernyshev’s  distinctions  and  try  to  apply  them  to  the  allied  New  Zealand  species.  The 
New  Zealand  forms  here  described  have  a lunule  and  inner  escutcheon  ridge,  and  are 
therefore  provisionally  referred  to  Polidevcia. 

Polidevcia  ovata  (Laseron  1910) 

Plate  96,  figs.  10-12 

Nuculana  ovata  Laseron  1910,  p.  219,  pi.  15,  figs.  5,  6,  7. 

Nucidana  ovata  Fletcher  1945,  p.  304,  pi.  20,  figs.  4-8;  pi.  21,  fig.  3. 

New  Zealand  material.  Three  right  valves  and  eight  left  valves  are  available  from  GS  6071,  most  broken, 
hinge  poorly  known,  and  shell  replaced  by  chlorite.  A fragmentary  left  valve  from  GS  3616,  and  a 
crushed  specimen  with  valves  conjoined  from  GS  6072. 

Horizons.  Mangarewa  Formation,  GS  3616,  6071,  6072.  Burrier,  Wandrawandian  beds.  South  Coast; 
lower  Branxton  beds,  Cessnock,  New  South  Wales. 

Lectotype.  Specimen  figured  by  Laseron  1910,  pi.  15,  figs.  5,  6,  7;  designated  and  refigured  by  Fletcher 
1945,  pi.  20,  figs.  4,  5. 

Diagnosis.  High  shell  with  well-rounded  anterior  and  ventral  margins,  beak  low, 
situated  close  to  mid-length,  costae  of  moderate  strength,  parallel  to  ventral  margin. 

Dimensions  in  mm. 

Specimen  Length  Height  Width  Umbonal  Umbo  from 


(FM) 

Valve 

(F) 

{H) 

(W) 

GS  6071 

angle 

anterior  (U) 

HjL 

UIL 

3500 

right 

14-8 

11-5 

2-8 

120° 

1 

0-78 

0-47 

3501 

right 

17-5 

14 

4 

112° 

9 

0-80 

0-51 

3492 

left 

20-5? 

13 

3-6 

9-7 

0-63 

0-47 

3499 

left 

2F5? 

14-7 

4 

GS  6072 

115° 

710 

0-69 

0-47 

3450 

left 

19? 

11-5 

3-1 

9-5 

0-60 

0-50 

Description.  External.  The  shell  is  of  moderate  size,  and  slightly  elongated,  with  low 


J.  B.  WATERHOUSE:  PALAEOTAXODONT  BIVALVES  EROM  NEW  ZEALAND  639 

opisthogyrous  beaks  placed  usually  just  in  front  of  mid-length  and  occasionally  at  mid- 
length. In  outline  the  anterior  part  of  the  shell  is  high  and  well  rounded,  the  posterior 
extremity  is  high,  and  obtuse,  and  the  posterior  dorsal  slope  moderately  concave, 
sloping  at  120°  from  the  anterior  dorsal  margin.  The  lunule  is  not  visible.  The  escutcheon 
is  gently  concave,  bounded  by  strong  umbonal  ridges,  and  raised  posteriorly  along  the 
mid-line.  Preservation  is  too  poor  to  show  whether  an  inner  escutcheon  ridge  is  present 
or  not. 

More  than  forty  costae  occur  on  the  larger  shells,  but  the  poor  preservation  does  not 
allow  the  fine  costae  over  the  umbo  to  be  counted.  They  lie  parallel  to  the  ventral  margin. 
Crests  are  sharp,  and  lie  about  0-75  mm.  apart  near  the  ventral  margin,  separated  by 
wide  flatly  concave  interspaces.  The  costae  are  crossed  by  fine  oblique  lirae  passing 
postero-ventrally  from  the  dorsal  margin. 

Internal.  The  number  of  teeth  is  uncertain.  The  anterior  adductor  muscle  impression 
is  rounded  in  outline  and  lies  close  to  the  anterior  end  of  the  hinge.  The  posterior  scar 
is  elongately  oval,  and  is  placed  on  the  umbonal  ridge,  next  to  the  escutcheon.  Muscle 
scars  below  the  umbones  are  obscure.  A low  internal  umbonal  ridge  is  present  in  TM 
3500  and  3501,  with  a rounded  scar  in  TM  3445. 

Resemblances.  The  New  Zealand  specimens  agree  well  in  shape,  size,  and  ornament  with 
the  distinctive  species  described  as  Nuculana  ovata  by  Laseron.  The  types  have  been 
examined  at  the  Australian  Museum,  Sydney.  The  chief  differences  are  that  the  Aus- 
tralian specimens  are  slightly  more  inflated,  and  the  beak  more  posteriorly  placed  than 
in  some  but  not  all  of  the  New  Zealand  specimens.  The  costae  appear  to  be  weaker  on 
the  New  Zealand  specimens  than  in  the  Australian  types,  but  this  is  probably  because 
the  New  Zealand  specimens  are  decorticated.  The  spacing  of  the  costae  is  the  same  in 
both  series  of  specimens. 

P.  ovata  is  short  and  high  like  Phestia  inflatiformis  Chernyshev  1951,  pi.  1,  figs.  9-11, 
but  has  a faint  lunular  depression  and  broad  inner  escutcheon  ridges  enclosing  an  un- 
usually wide  and  long  inner  escutcheon.  Specimen  F 41408  at  the  Australian  Museum 
has  two  umbonal  muscle  scars. 

Nuculana  tlwmasi  Dickins  1956,  pi.  1,  figs.  1,2,  10  from  the  upper  Artinskian  Norton 
Greywacke  and  Kungurian  Coolkilya  Greywacke  of  Western  Australia  is  less  inflated 
than  the  types  of  ovata,  and  is  distinguished  from  the  New  Zealand  specimens  by  the 
higher  beak,  a low  depression  near  the  posterior  extremity,  and  finer  costae.  No  inner 
escutcheon  ridge  is  recorded  by  Dickins  in  this  species,  which  therefore  might  belong 
to  Phestia. 

Leda  obesa  peruviana  Thomas  1928,  pi.  6,  fig.  5;  pi.  7,  figs.  3,  2>a  from  Peru  is  close, 
but  has  a more  opisthogyrous  beak  and  more  concave  posterior  dorsal  margin. 

Polidevcia  antequadrata  sp.  nov. 

Plate  96,  figs.  13-15 

Material.  A left  valve  and  six  right  valves  from  GS  6071,  partly  decorticated,  and  the  shell  replaced 
by  chlorite.  Two  right  valves  from  GS  6072  and  an  entire  specimen  and  a left  valve  from  GS  7347 
might  be  conspecific. 

Horizon.  Mangarewa  Formation,  GS  6071,  6072,  ? 7347. 

Holotype.  TM  3441,  GS  6071,  PI.  96,  fig.  13. 
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Paralypes.  TM  3433,  3435,  3454,  3484,  3487,  3481,  GS  6071;  TM  3460,  GS  6072. 

Diagnosis.  Beaks  posteriorly  placed,  broad,  anterior  portion  large  and  subquadrate, 
posterior  portion  narrow  and  long.  Costae  concentric. 


Dimensions  in  mm. 


Specimen 

(.TM) 

Valve 

Length 

(L) 

Height 

(H) 

Umbonal 
Width  angle 

Umbo  from 
anterior  (U) 

HjL 

UjL 

3433 

right 

22? 

10-3 

GS  6071 
4 

90° 

11-2 

0-46 

0-5 

3481 

left 

23-5 

10-5 

3 

795° 

12-8 

0-44 

0-54 

3435 

right 

25-5 

13 

4-5 

80° 

14-5 

0-54 

0-56 

3441 

right 

27-3 

11-5 

A-1 

100° 

15-1 

0-42 

0-55 

3482 

right 

8-8 

A-1 

GS  6072 
1-8 

O 

(X> 

6 

0-53 

0-68 

3461 

left 

14 

8 

GS  7347 
2 

100° 

8 

0-57 

0-57 

3507 

left 

19 

10-3 

3-4 

90° 

12 

0-54 

0-63 

(TM  3433  and  3435  are  internal  moulds) 

Description.  External.  The  shells  are  elongated  in  outline  with  a large  subquadrate 
anterior  portion,  and  low  weakly  opisthogyrous  beaks.  The  posterior  dorsal  slope  forms 
an  angle  of  100°  with  the  anterior  margin  and  is  highly  concave  in  outline.  The  posterior 
portion  is  attenuated,  with  a moderately  low,  but  not  pointed,  extremity.  The  anterior 
umbonal  ridge  encloses  a poorly  defined  lunular  depression,  and  the  posterior  umbonal 
ridge  encloses  a narrow  concave  escutcheon,  which  is  subdivided  by  a low  inner 
escutcheon  ridge  passing  back  from  each  umbo.  A low  ridge  is  formed  along  the 
posterior  part  of  the  mid-line  within  the  escutcheon. 

Ornament  is  composed  of  low  costae  parallel  to  the  ventral  margin,  two  to  three  occur- 
ring in  2 mm.  They  are  crossed  by  striae  which  pass  obliquely  back  to  the  ventral 
margin. 

Internal.  There  are  at  least  eight  posterior  teeth  and  five  anterior  chevron  teeth  in 
TM  3435,  but  the  full  number  is  unknown.  The  chondrophore  is  well  seen  in  TM  3487. 

The  anterior  adductor  impression  is  shallow,  and  oval  in  some  specimens,  rounded  in 
others.  The  posterior  scar  is  more  deeply  impressed  and  elongate.  A shallow  internal 
ridge  is  seen  on  the  umbonal  flanks  of  TM  3433  and  3435,  and  possibly  has  a muscle 
scar  in  TM  3435. 

Variation.  The  specimens  from  GS  7347  agree  moderately  in  shape  with  those  from  GS 
6071,  but  the  beaks  are  very  posteriorly  placed.  Ornament  is  not  preserved. 

Resemblances.  This  species  is  similar  in  ornament  to  Polidevcia  ovata  (Laseron)  but  the 
anterior  part  of  the  new  species  is  longer,  and  more  subquadrate  in  shape,  the  beak  is 
more  acute,  and  more  posteriorly  placed,  the  posterior  dorsal  slope  more  concave  in 
outline,  and  the  posterior  part  of  the  shell  narrower  and  the  ventral  margin  less 
rounded.  Also  the  anterior  adductor  scar  seems  to  be  less  impressed  than  in  ovata. 

No  known  overseas  species  appears  to  be  very  close. 
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Polidevcia  nodidosa  sp.  nov. 

Nuciilana  conciniia,  Fletcher  non  Dana  1945,  p.  305,  pi.  22,  figs.  3-5. 

Horizon.  Branxton  subgroup.  New  South  Wales. 

Holotype.  Specimen  figured  by  Fletcher  (1945,  pi.  22,  figs.  4,  5),  F 39313,  Australian  Museum. 

Diagnosis.  Moderately  elongated,  high  shells  with  well-spaced  strong  costae,  lunule  and 
inner  escutcheon  outlined  by  low  nodules. 

Remarks.  I am  proposing  a new  species  for  the  well-preserved  Branxton  specimens 
described  as  Nuculana  concinna  (Dana)  by  Fletcher  (1945,  pi.  22,  figs.  3-5).  Fletcher 
(1945,  p.  305)  has  already  recorded  his  hesitation  in  referring  them  to  Dana’s  species. 
Nucida  concinna  Dana  (1847,  p.  157;  1849,  p.  699,  pi.  7,  fig.  4)  is  based  on  an  internal 
mould  with  the  ornament  and  escutcheon  destroyed.  It  came  from  the  Allandale 
Formation,  Harper’s  Hill  (Sakmarian).  Fletcher’s  specimens  came  from  the  Branxton 
beds  at  Abermain  No.  3 shaft,  near  Cessnock  (upper  Artinskian),  and  are  thus  signi- 
ficantly younger  than  Dana’s  form.  Compared  with  N.  concinna  they  have  a lower  and 
possibly  more  extended  posterior  portion,  with  the  posterior  dorsal  slope  much  more 
concave  in  outline.  The  escutcheon  is  wider  in  the  younger  species,  and  the  umbonal 
angle  lower  by  20°.  The  outstanding  characteristic  of  the  new  species  is  the  perforated 
nodules  which  lie  just  outside  the  inner  escutcheon  ridge,  as  is  well  shown  in  Fletcher 
1945,  pi.  22,  fig.  5.  The  nodules  also  outline  the  lunule,  though  not  shown  in  the  figure. 
They  probably  represent  an  extreme  elongation  of  the  dental  sockets  (Trueman  1952; 
McAlester  1963). 

The  new  species  is  close  in  several  respects  to  the  specimens  described  as  Nuculana 
darwini  (de  Koninck)  by  Fletcher  (1945,  pi.  21,  figs.  1,  2;  pi.  22,  figs.  1,  2)  from  the  Aber- 
main No.  3 shaft  and  the  Caledonian  shaft  near  Cessnock,  Hunter  Valley.  Nodules  out- 
line the  inner  escutcheon  in  these  specimens  but  are  not  seen  around  the  lunule.  Costae 
are  finer  than  in  the  new  species,  the  posterior  part  of  the  shell  is  longer,  and  the  posterior 
dorsal  slope  slightly  less  concave  in  outline. 

Possible  occurrence  in  New  Zealand.  A specimen  (PI.  96,  fig.  16)  from  GS  6072,  Manga- 
rewa  Formation,  New  Zealand,  might  be  conspecific  with  P.  nodidosa.  It  compares 
moderately  well  in  shape  and  size,  but  the  escutcheon,  lunule,  and  ornament  are  poorly 
preserved,  so  that  the  identification  lacks  certainty. 

Genus  nucundata  gen.  nov. 

Type  species.  Nucundata  undata  sp.  nov. 

Diagnosis.  Short  or  elongate  Phestiinae,  characterized  by  costae  which  are  oblique  to  the 
ventral  margin  behind  the  beaks.  Anterior  to  the  beak  the  costae  are  concentric,  and 
the  two  sets  in  several  species  meet  to  form  an  inverted  ‘V’  under  the  umbones.  Inner 
escutcheon  narrow,  anterior,  limited  by  ridges.  Teeth  taxodont,  subequal  in  number  be- 
fore and  behind  the  beak,  especially  fine  posteriorly  above  the  chondrophore.  Short 
internal  ridge  on  umbonal  flank,  with  at  least  one  muscle  scar. 

Discussion.  A minor  change  in  ornament  occurred  in  a New  Zealand  stock  of  Phestiinae, 
comparable  to  but  less  drastic  than  that  shown  by  the  Australasian  genus  Glyptoleda 
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Fletcher,  and  probably  equally  short-lived.  The  change  simply  emphasized  tangential 
instead  of  concentric  ornament.  A Kaibab  species  Niiculana  obesa  White  from  United 
States  seems  to  have  identical  ornament  (Chronic  1952,  pi.  6,  figs.  1-3). 

Nucundata  undata  sp.  nov. 

Plate  97,  figs.  1-3;  text-fig.  4A 

Material.  One  right  and  two  left  valves  and  other  fragments  from  GS  6071.  Two  left  valves  and  a right 
valve  from  GS  6072;  two  other  left  valves  and  two  right  valves  might  be  conspecific.  A left  valve  from 
GS  7811.  An  external  fragment  of  a left  valve  from  GS  3616.  Lunule  and  escutcheon  obscured,  and 
ornament  abraded  in  some  specimens. 

Horizon.  Mangarewa  Formation,  GS  ? 3616,  6071,  6072,  7811. 

Holotype.  TM  3503,  GS  6071,  PI.  97,  figs.  1,  2. 

Paratypes.  TM  3494,  3525,  3834,  GS  6072;  TM  2333,  3502,  3476,  GS  6071. 

Diagnosis.  Anterior  portion  prominent,  moderately  rounded,  beak  subcentral,  posterior 
portion  truncate.  An  inverted  V is  formed  by  the  costae,  which  are  concentric  near  the 
anterior  margin  and  oblique  behind  the  beak. 


Dimensions  in  mm. 


Specimen 

{TM) 

Valve 

Length 

Height 

Width 

Umbonal 

angle 

Umbo  from 
anterior 

3503 

left 

15 

GS  6071 
10 

3 

115° 

7-3 

3502 

left 

16 

9 

3-5 

7100° 

8 

3476 

right 

19 

11 

3-4 

110° 

9-3 

3494 

left 

16-5 

GS  6072 
9 

3-3 

790° 

9-5 

3525 

left 

19 

— 

3-4 

10-3 

3495 

left 

19-5 

11 

2-7 

O 

o 

6 

(TM  3525  is  an  internal  mould) 

Description.  External.  The  shell  is  short  and  moderately  high,  with  a well-rounded  ven- 
tral margin,  subrounded  anterior  portion,  and  tapered  posterior  portion.  The  beak  lies 
just  in  front  of  mid-length,  and  the  posterior  dorsal  slope  is  moderately  concave,  and 
forms  an  angle  of  125°  with  the  anterior  dorsal  margin. 

The  lunule  is  very  shallow,  and  the  escutcheon  more  concave,  and  limited  by  an 


EXPLANATION  OF  PLATE  97 

Figs.  1-3.  Nucundata  undata  gen.  and  sp.  nov.,  X 2.  1,  2,  External  cast  and  internal  mould  of  holotype, 
left  valve  TM  3503,  GS  6071.  3,  Left  valve  TM  3525,  GS  6072. 

Fig.  4.  Nucundata  aft',  undata  sp.  nov.,  x2.  Right  valve  TM  3475,  GS  6072. 

Fig.  5.  Nucundata  truncata  sp.  nov.,  x2.  Holotype,  TM  3576,  GS  6071. 

Figs.  6-13.  Nucundata  obliqua  sp.  nov.,  x2.  6,  8,  Holotype,  external  cast,  valves  slightly  displaced  in 
fig.  6,  TM  3440,  GS  6072.  7,  1 1 , Right  and  left  valves  of  TM  3442,  GS  6072.  9,  Left  side  of  TM  3453, 
GS  6072.  10,  Part  of  right  valve  TM  3452,  GS  6072.  12,  Dorsal  view  of  internal  mould,  TM  3453, 
GS  6072. 

Figs.  14—17.  Nucundata  protonga  sp.  nov.,  x2.  14,  TM  3459,  GS  6071.  15,  Internal  mould,  TM  3466, 
GS  6071.  16,  Holotype  TM  3470,  GS  6071.  17,  TM  3468,  GS  6071. 
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umbonal  ridge  on  each  side.  Both  lunule  and  escutcheon  are  comparatively  obscure. 
TM  3835  has  a low  inner  escutcheon  ridge. 

Ornament  is  comprised  of  about  forty-five  fine  sharp-crested  and  closely  spaced  costae, 
three  occurring  in  1 mm.  near  the  ventral  margin.  They  form  a shallow  inverted  V with 
the  axis  close  to  the  anterior  margin  and  inclined  anteriorly  from  the  umbo  at  50°  from 
horizontal.  The  costae  forming  the  anterior  limb  of  the  V are  concentric,  parallel  to  the 
ventral  margin;  the  costae  of  the  posterior  limb  turn  sharply  to  pass  obliquely  to  the 
ventral  margin,  approximately  parallel  to  the  posterior  dorsal  slope.  Traces  of  fine 
vertical  striae  are  also  visible,  ten  occurring  in  1 mm. 


TEXT-FIG.  4.  Holotypes  of  New  Zealand  species  of  Nucundata,  showing  the  course  of  the  costae.  A — ■ 
N.  imdata  sp.  nov. ; B — TV.  triincata  sp.  nov. ; C — TV.  obliqua  sp.  nov. ; D — TV.  prolonga  sp.  nov. ; X 2. 
The  dashed  line  marks  the  axis  of  the  inverse  V. 


Internal.  The  dentition  is  taxodont,  with  at  least  twelve  anterior  and  ten  posterior 
chevron  teeth  in  the  holotype.  The  chondrophore  lies  ventral  to  the  umbonal  teeth  and 
the  posterior  teeth  below  the  umbo  are  particularly  small.  TM  2333  also  has  twelve 
anterior  and  at  least  ten  posterior  teeth,  with  the  chondrophore  ventral  to  the  teeth. 

The  anterior  adductor  muscle  impression  is  subquadrate  in  shape,  and  the  posterior 
scar  is  better  defined,  elliptical,  and  placed  behind  the  last  tooth.  A narrow  internal 
umbonal  ridge  is  present  but  a muscle  scar  cannot  be  recognized  with  certainty. 

Variation.  Specimens  TM  3835,  3475,  3490,  3495  from  GS  6072  and  the  one  from  GS 
3616  are  tentatively  included  in  the  species  because  they  have  the  same  ornament.  They 
differ  from  the  holotype  in  having  a more  anterior  beak,  higher  shell,  and  more  rounded 
anterior  and  ventral  margins. 

Resemblances.  This  species  shows  some  resemblance  to  N.  obesa  White  1879  from  the 
Kaibab  formation.  As  in  the  New  Zealand  form  this  species  has  fine  close  costae,  which 
intersect  the  ventral  margin  obliquely,  and  may  even  form  a very  faint  inverted  V 
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(Chronic  1952,  pi.  6,  fig.  la).  The  American  species  differs  in  shape,  with  a more  rounded 
ventral  margin,  more  concave  dorsal  slope  behind  the  beak,  and  more  extended  posterior 
extremity. 

Tellinomya  darwini  Koninck  1877,  pi.  16,  fig.  9;  Fletcher  1945,  pi.  21,  figs.  1-2;  pi. 
22,  figs.  1-2  from  the  Branxton  beds  of  New  South  Wales  is  close  in  outline.  The  neotype 
in  particular  compares  well  with  the  holotype  of  undata,  except  for  a slightly  less  concave 
posterior  dorsal  slope.  The  ornament  differs,  for  the  costae  of  Koninck’s  species  do  not 
form  a V. 


Nucimdata  truncata  sp.  nov. 

Plate  97,  fig.  5;  text-fig.  4B 

Material.  Two  left  valves  and  eight  right  valves.  Several  show  parts  of  the  hinge  and  musculature. 
Since  only  two  (TM  3575,  3576)  have  ornament  the  remainder  are  tentatively  identified  by  their  shape. 

Horizon.  Mangarewa  Formation,  GS  6071. 

Holotype.  TM  3576,  PI.  97,  fig.  5. 

Paratypes.  TM  3575,  3477,  3479-80,  3486,  3488. 

Diagnosis.  Shell  with  very  large  quadrate  anterior  portion,  beak  opisthogyrous,  narrow, 
posteriorly  placed,  posterior  portion  truncate,  short.  Costae  as  in  N.  imdata,  with  the 
crest  of  the  V more  posteriorly  placed. 

Dimensions  in  mm. 


Specimen  Length  Height  Umbonal  Umbo  from 


(TM) 

Valve 

(T) 

(//) 

Width 

angle 

anterior  (U) 

HIL 

U/L 

3575 

right 

23-5 

13-5 

4-5 

•O 

00 

O 

o 

15-8 

0-57 

0-67 

3479 

left 

23-5? 

14 

4-3 

80° 

15-4 

0-59 

0-65 

3576 

right 

26-5? 

14-7 

4-7 

80° 

15-2 

0-55 

0-57 

3480 

right 

28-0 

14-5 

4-5 

75° 

16-5 

0-55 

0-59 

(TM  3479  is  an  internal  mould) 


Description.  External.  The  anterior  part  of  the  shell  is  large  and  subrectangular  in  out- 
line, the  beaks  are  opisthogyrous  and  narrow,  and  the  posterior  extremity  sharply 
tapered.  The  posterior  dorsal  slope  is  highly  concave  in  outline,  and  the  ventral  margin 
little  rounded.  The  escutcheon  is  deep  but  poorly  known.  Ornament  comprises  fine 
undulating  costae,  two  in  1 mm.  near  the  ventral  margin.  Anteriorly  the  costae  lie 
parallel  to  the  ventral  margin,  but  below  the  beak  they  turn  sharply  to  lie  parallel  to  the 
posterior  dorsal  margin  and  intersect  the  ventral  margin  obliquely.  In  TM  3575  the 
oblique  costae  intersect  a peripheral  band  of  costae  which  lie  parallel  to  the  ventral 
margin. 

Internal.  In  TM  3478  twelve  chevron  teeth  lie  in  front  of  the  chondrophore,  and 
about  fifteen  behind:  over  the  chondrophore  the  posterior  teeth  are  very  fine.  The 
anterior  adductor  scar  is  rounded,  the  posterior  impression  elliptical.  A broad  internal 
ridge  passes  forward  over  the  umbonal  fianks  with  possibly  two  shallow  depressions  at 
the  ventral  end. 

Resemblances.  The  species  is  akin  to  Nucimdata  undata  in  its  ornament,  but  the  crest 
of  the  V formed  by  the  costae  lies  below  the  beak,  not  close  to  the  anterior  margin 
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(text-fig.  4).  The  shape  of  the  two  species  differs  considerably,  N.  tnincata  having  a much 
larger  anterior  portion.  It  thereby  approaches  Polidevcia  antequadrata  sp.  nov.,  from 
which  it  is  distinguished  by  the  higher  outline  with  more  posteriorly  placed,  opistho- 
gyrous,  narrow  beaks,  the  short  low  posterior  extremity,  and  different  ornament. 

Nucundata  obliqua  sp.  nov. 

Plate  97,  figs.  6-13;  text-fig.  4C 

Material.  Eighteen  specimens  with  valves  conjoined,  and  three  right  and  two  left  valves  from  GS  6072. 
All  are  fragmentary,  and  the  hinge  not  well  known.  The  shell  is  replaced  by  chlorite.  Fragmentary 
specimens  with  similar  ornament  come  from  GS  3616  and  7351,  and  poor  specimens  from  GS  7353. 
A specimen  with  valves  conjoined  from  GS  7808. 

Horizon.  Mangarewa  Formation,  GS  6071,  7353,  ? 3616,  ? 7351,  7808. 

Holotype.  TM  3440,  GS  6072,  PI.  97,  figs.  6,  8. 

Paratypes.  TM  3430,  3442,  3446-8,  3451-3,  3455,  3458,  GS  6072. 

Diagnosis.  Moderately  elongate  species,  with  subquadrate  anterior  portion,  low  um- 
bones  just  in  front  of  mid-length,  and  strong  costae,  oblique  to  ventral  margin,  in  some 
specimens  forming  a V with  its  limbs  diverging  widely. 


Dimensions  in  mm. 


Specimen 

{TM) 

Length 

{L) 

Height 

{H) 

Umbonal 

Width  angle 

Umbo  from 
anterior  {U) 

HjL 

UIL 

3458 

19 

9 

GS  6072  (both  valves) 
4-5 

8-5 

0-47 

0-44 

3440 

22-6 

91 

?4-6  120° 

9-5 

0-43 

0-42 

3446 

111 

9-8 

— — 

10-5 

0-44 

0-46 

Description.  External.  The  shells  are  elongate,  with  a large  subquadrate  anterior  portion, 
low  umbones  situated  just  in  front  of  mid-length,  and  an  attenuated  posterior  portion. 
The  umbones  are  ineurved,  contiguous,  and  opisthogyrous,  the  anterior  margin  well 
rounded,  and  the  posterior  dorsal  slope  moderately  concave  in  outline,  inelined 
from  the  anterior  margin  at  135°  in  the  holotype,  but  at  115°  in  other  specimens.  It  makes 
an  angle  of  30°  to  35°  with  the  ventral  margin.  The  posterior  extremity  is  obtusely 
rounded.  The  lunule  is  shallow,  narrow,  and  well  defined  by  low  lunular  ridges  in  TM 
3455.  The  shell  is  raised  a little  along  the  commissure  in  front  of  the  umbones,  and  is 
also  raised  behind  the  umbones.  The  escutcheon  is  enclosed  by  well-defined  narrow 
posterior  umbonal  ridges  and  is  divided  by  inner  escutcheon  ridges  which  pass  back 
from  the  umbones  to  meet  the  mid-line  ridge  less  than  midway  between  the  umbones  and 
posterior  end  of  the  shell. 

About  thirty-five  to  forty  costae  are  present,  with  sharply  raised  crests,  separated  by 
flatly  eoneave  interspaces.  Over  the  umbones  the  costae  are  fine,  sixteen  occurring  in 
3 mm. ; near  the  ventral  margin  three  to  four  costae  occur  in  3 mm.  In  outline  the  costae 
are  slightly  irregular,  and  on  some  specimens  form  a low  V below  the  beak  near  the 
anterior  margin  (text-fig.  4).  They  are  not  parallel  to  the  ventral  margin,  but  interseet  it 
at  10°  to  15°.  Dorsal  costae  turn  abruptly  forward  across  the  umbonal  ridges  and 
escutcheon  to  intersect  the  dorsal  commissure.  The  costae  are  crossed  by  very  fine 
capillae  or  striae,  which  slant  from  the  anterior  dorsal  margin  to  the  posterior  ventral 
margin,  twelve  to  fourteen  occurring  in  1 mm. 
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Internal  The  hinge  is  not  well  known.  Ten  chevron  teeth  lie  in  front  of  the  umbones 
in  TM  3452  and  about  sixteen  behind  in  TM  3453.  The  chondrophore  is  not  visible. 

The  anterior  adductor  scar  is  impressed,  moderately  large,  and  oval  or  triangular  or 
vertically  elongated  in  shape,  and  the  posterior  impression  lies  close  to  the  posterior 
extremity  and  is  oval  or  subrectangular  in  outline,  with  the  long  axis  parallel  to  the 
length  of  the  shell.  The  pallial  line  lacks  a sinus  (TM  3458).  The  umbonal  ridge  is  seen 
faintly  in  some  specimens  but  the  small  muscle  scars  cannot  be  distinguished. 

Variation.  Specimens  from  GS  6072  vary  a little  in  the  concavity  of  the  posterior  umbonal 
slope,  and  in  a few  specimens  the  posterior  extremity  is  upturned  and  is  sharply  ended 
in  some,  but  blunt  in  others.  The  specimen  from  GS  7808  has  a rounded  anterior  portion. 

Resemblances.  Tellinomya  darwini  Koninck  1877,  pi.  16,  fig.  9,  as  redescribed  by  Fletcher 
(1945)  from  the  Maitland  beds  of  New  South  Wales,  is  close  in  general  appearance. 
Fletcher’s  specimens  have  been  examined  at  the  Australian  Museum,  Sydney.  They  are 
elongated  shells  with  a low  beak  in  front  of  mid-length,  and  differ  from  the  New 
Zealand  species  in  being  higher  with  a more  rounded  anterior  portion  and  a more  gently 
concave  posterior  dorsal  slope,  which  is  inclined  more  from  the  anterior  dorsal  margin. 
The  inner  escutcheon  ridge  is  nodular  and  the  costae  are  finer.  In  most  specimens  of 
darwini  the  costae  are  parallel  to  the  ventral  margin,  although  in  the  neotype  F 41409 
(Fletcher  1945,  pi.  21,  fig.  1)  and  in  F 41411  the  costae  intersect  a band  of  concentric 
costae  near  the  ventral  margin.  A few  specimens  from  the  Maitland  Colliery  shaft  at 
Cessnock  are  long  like  the  new  species.  But  these  are  only  a few  individuals;  the  collec- 
tions as  a whole  differ  consistently. 

The  subquadrate  anterior  of  Nucundata  obliqua  recalls  that  of  Polidevcia  antequadrata 
sp.  nov.,  but  N.  obliqua  has  a more  anterior  beak,  stronger  and  oblique  costae  and 
wider  umbones. 


Nucundata  prolonga  sp.  nov. 

Plate  97,  figs.  14-17;  text-fig.  4D 

Material.  Five  right  valves  and  four  left  valves,  most  fragmented,  shell  replaced  by  chlorite. 

Horizon.  Mangarewa  Formation,  GS  6071. 

Holotype.  TM  3470,  PI.  97,  fig.  16. 

Paratypes.  TM  3459,  3462,  3464-6,  3468,  3469,  3489. 

Diagnosis.  Beak  anteriorly  placed,  low ; anterior  shell  short  and  rounded,  posterior  por- 
tion extended,  upturned,  ventral  margin  well  rounded.  Costae  oblique,  not  forming  an 
inverted  V. 


Dimensions  in  mm. 


Specimen  Length  Height  Umbonal  Umbo  from 


(TM) 

Valve 

(L) 

(H) 

Width 

angle 

anterior  (U) 

HIL 

UjL 

3466 

left 

20-5 

11-5 

4-5 

?100° 

8 

0-56 

0-39 

3470 

right 

21  + 

10-7 

4 

8-3 

0-51 

0-39 

3459 

left 

24 

10-7 

+ 3 

7130° 

9-7 

0-44 

0-38 

3462 

right 

25 

?12 

4 

10-3 

0-48 

0-41 

(TM  3466  and  3470  are  internal  moulds) 
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Description.  External.  The  shells  are  elongate,  with  anteriorly  placed,  low,  opisthogyrous 
beaks,  and  a moderately  short,  well-rounded  anterior  portion.  The  ventral  margin  is 
rounded,  the  posterior  extremity  prolonged  and  upturned,  the  posterior  dorsal  margin 
gently  concave  near  the  beak  and  inclined  from  the  anterior  dorsal  margin  at  140°. 
A shallow  lunular  depression  lies  in  front  of  the  beaks,  and  a broad,  deeply  concave 
escutcheon  lies  behind  the  beaks,  bordered  by  umbonal  ridges,  raised  a little  along  the 
mid-line,  and  subdivided  on  each  side  by  an  inner  escutcheon  ridge. 

Costae  are  fine,  sixteen  occurring  in  the  lower  6 mm.  of  TM  3459,  and  they  intersect 
the  ventral  margin  obliquely.  Traces  of  fine  more  oblique  striae  are  also  seen. 

Internal.  About  fourteen  or  more  posterior  teeth  are  present,  but  the  number  of 
anterior  teeth  is  obscure.  A chondrophore  is  seen  in  TM  3465.  Adductor  muscle  scars 
are  moderately  impressed,  the  anterior  scar  being  ovoid,  the  posterior  elongate,  and 
placed  well  behind  the  beak.  An  internal  umbonal  ridge  with  a possible  scar  is  faintly 
indicated  in  TM  3468. 

Resemblances.  This  form  comes  closest  to  N.  obliqua  sp.  nov.,  being  roughly  similar  in 
the  position  of  the  beak  and  in  the  oblique  ornament.  Differences  are  that  the  anterior 
part  of  the  shell  and  the  ventral  margin  are  more  rounded  in  N.  prolonga  and  the  pos- 
terior extremity  higher.  Also  the  costae  are  finer.  The  differences  are  consistent,  with 
little  evidence  for  convergence  between  the  two  forms. 

Several  Australian  forms  come  close  in  shape.  ? Polidevcia  etlieridgei  (Johnston  1888, 
pi.  13,  fig.  12)  from  Porters  Hill,  Hobart,  has  a rounded  anterior  portion,  a well-rounded 
ventral  margin,  an  upturned  posterior  extremity  and  beak  placed  well  forward  at  0-36 
of  the  shell  length.  Differences  are  that  the  posterior  dorsal  slope  of  etheridgei  is  more 
gently  concave,  and  the  beak  more  prominent,  and  the  costae  lie  parallel  to  the  margin. 

The  shell  described  as  Nucidana  lyonsensis  by  Dickins  1956,  pi.  1,  figs.  7-9  is  close  in 
appearance,  apart  from  being  larger  in  size,  and  having  a more  pointed  posterior  ex- 
tremity, and  less  rounded  posterior  ventral  margin,  and  costae  parallel  to  the  ventral 
margin. 

A species  recorded  as  Glyptoleda  buarabae  by  Campbell  1951,  from  the  Biarraville 
beds  of  Queensland  has  a short  subrounded  anterior  portion,  but  the  Queensland  shell 
tapers  more  posteriorly,  and  its  posterior  dorsal  margin  is  usually  very  gently  concave 
in  outline,  and  the  costae  are  coarser  and  more  wavy  than  in  the  New  Zealand  form. 

Polidevcia  nodulosa  sp.  nov.  is  moderately  close  in  shape,  though  the  beaks  are  more 
anteriorly  placed  than  in  this  species,  and  the  shell  is  higher,  the  posterior  dorsal  slope 
straight  rather  than  concave,  and  the  ventral  margin  less  rounded  in  outline.  No  fine 
oblique  striae  are  seen  in  this  species. 

Genus  glyptoleda  Fletcher  1945 

Type  species.  Glyptoleda  reidi  Fletcher  1945,  by  original  designation. 

Diagnosis.  Shells  resembling  Polidevcia  in  shape  and  dentition,  distinguished  by  costae 
which  form  a V pointing  towards  the  ventral  margin,  and  presence  of  outer  escutcheon 
ridges  (text-fig.  2). 
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Glyptoleda  glomerata  Fletcher  1945 

Text-fig.  5 

Glyptoleda  glomerata  Fletcher  1945,  p.  300,  pi.  20,  figs.  1-3. 

Glyptoleda  glomerata  Campbell  1953,  p.  21,  pi.  6,  figs.  13,  14;  pi.  3,  figs.  27,  28;  pi.  7,  fig.  15. 
Glyptoleda  Fletcher  19586,  p.  363,  fig. 

New  Zealand  material.  A right  valve,  part  of  the  anterior  shell  destroyed. 

Horizon.  Letham  Formation,  GS  7344.  Ingelara  Shale,  Queensland. 

Holotype.  Specimen  figured  by  Fletcher  1945,  pi.  20,  figs.  1-3. 

Diagnosis.  Beak  posteriorly  placed,  anterior  portion  large  and  subquadrate  in  outline, 
posterior  portion  tapering  rapidly.  Costae  form  a well-defined  V,  with  its  axis  behind  the 
beak,  and  minor  zigzags. 

Dimensions  in  mm. 

Specimen  Length  Height  Umbonal  Umbo  from  HjL  UiL 

(TM)  (L)  (H)  Width  angle  anterior  (U) 

3437  12  6-8  2-6  80°  7-5  0-57  0-62 

Description  and  resemblances.  The  New  Zealand  specimen  has  the  shape  and  ornament 
characteristic  of  G.  glomerata.  In  the  holotype  examined  at  the  Australian  Museum, 
Sydney,  the  posterior  dorsal  slope  is  less  steeply  inclined  by  20°  from  the  anterior  dorsal 
margin,  but  specimens  figured  by  Campbell  have  the  same  concave  posterior  dorsal 
slope  as  in  the  Letham  specimen.  Costae  are  twice  as  coarse  in  the  Ingelara  specimens, 
suggesting  that  the  New  Zealand  specimen  is  mature  in  spite  of  its  small  size,  as  if 
dwarfed  by  an  unfavourable  environment. 


Glyptoleda  intricata  sp.  nov. 

Plate  98,  figs.  1-5 

Material.  Four  specimens  with  valves  conjoined  and  other  fragments,  all  partly  decorticated  and 
broken.  Shell  replaced  by  chlorite. 

Horizon.  Mangarewa  Formation,  GS  6072. 

Holotype.  TM  3508,  PI.  98,  figs.  1-3. 

Paratypes.  TM  3517,  3509,  3524. 


Diagnosis.  Close  to  G.  glomerata,  distinguished  by  more  erect  umbones  and  higher 
posterior  portion,  costae  form  a V with  its  axis  placed  well  forward  and  highly  compli- 
cated by  minor  zigzags. 


Dimensions  in  mm. 


Both  valves,  partly  decorticated 


Specimen 

{TM) 

Length 

(L) 

Height 

iH) 

Width 

Umbo  from 
anterior  (U) 

3517 

18-5 

10 

6-5 

11-5 

3524 

24 

715-5 

8 

13-5 

HjL 

0-53 

0-64 


U!L 

0-62 

0-56 


Description.  External.  The  specimens  are  subrectangular  in  outline,  with  a prominent 
anterior  portion  subquadrate  in  outline,  moderately  rounded  ventral  margin,  and  high 
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posterior  extremity.  The  umbones  are  placed  just  behind  mid-length  and  are  suberect 
and  opisthogyrous.  The  umbonal  angle  in  TM  3518  is  only  60°,  and  the  posterior  dorsal 
slope  is  highly  concave  in  outline,  and  makes  an  angle  of  100°  with  the  anterior  dorsal 
margin. 


TEXT-FIG.  5.  Distribution  and  relationships  of  Glyptoleda  in  Queensland  and  New  Zealand.  The  sketch 
of  the  New  Zealand  Glyptoleda  glomerata  is  from  the  actual  specimen,  the  others  are  based  largely  on 
holotypes,  and  all  are  approximately  natural  size. 


The  lunule  is  shallow  and  concave,  weakly  defined  by  an  umbonal  ridge  on  each  side 
and  raised  along  the  mid-line.  Posteriorly  the  mid-line  is  raised  into  a high  ridge.  The 
escutcheon  is  delimited  by  narrow  outer  escutcheon  ridges  which  lie  within  the  umbonal 
ridges,  and  is  subdivided  by  the  inner  escutcheon  ridges  which  converge  from  the  um- 
bones at  40°,  to  meet  the  mid-line  ridge  half  way  between  the  umbones  and  posterior 
extremity. 
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The  costae  are  about  0-75  mm.  apart,  with  rounded  symmetrical  crests,  and  form  a 
complex  V,  with  the  axis  inclined  forward  from  the  beak,  except  in  TM  3518,  in  which 
it  is  inclined  posteriorly.  The  base  of  the  V is  clearly  defined  for  4 or  5 mm.  from  the 
beak,  and  then  becomes  obscured  by  ten  to  twelve  intricate  small  v’s,  and  the  limbs  of 
the  large  V also  become  complex.  Behind  the  beaks  the  costae  turn  posteriorly  across 
the  posterior  umbonal  ridge,  and  within  the  outer  escutcheon  form  a small  v with  base 
towards  the  beak:  they  are  obscured  on  the  inner  escutcheon,  but  seem  to  turn  back 
into  the  mid-line. 

Internal.  Several  taxodont  teeth  lie  in  front  of  and  behind  the  umbones  in  TM  3509, 
but  the  full  number  is  not  known.  The  anterior  adductor  impression  is  oval  with  the  long 
axis  vertical,  and  lies  close  to  the  anterior  cardinal  extremity.  The  posterior  scar  is  more 
faintly  impressed,  and  is  elongated  along  the  posterior  umbonal  ridge  on  which  it  lies. 
Umbonal  scars  and  the  pallial  line  are  uncertain. 

Resemblances.  The  new  species  comes  close  to  G.  glomerata  Fletcher  from  the  Ingelara 
Shale  of  Queensland,  and  the  Letham  Formation,  New  Zealand,  and  may  have  descended 
from  this  species.  The  two  have  the  same  basic  pattern  of  ornament,  and  a large  sub- 
quadrate anterior  portion  and  the  escutcheon  set  within  the  outer  escutcheon  ridges. 
Unlike  G.  glomerata  the  new  species  has  a more  erect  beak  and  a high  posterior  ex- 
tremity, whereas  that  of  glomerata  tapers  rapidly.  In  G.  glomerata  the  axis  of  the  V is 
usually  inclined  posteriorly  from  the  beak.  In  the  new  species  it  is  inclined  forwards  and 
is  far  more  intricately  zigzagged  (text-fig.  5). 

GIvptoIeda  flexuosa  sp.  nov. 

Plate  98,  figs.  6-12 

Material.  Two  left  valves,  a right  valve,  and  other  fragments  with  shell  only  partly  replaced  by  chlo- 
rite from  GS  7811.  A left  and  right  valve  from  GS  7812,  and  two  specimens  with  valves  conjoined, 
two  left  valves  and  three  right  valves  from  GS  6072,  and  one  left  valve  and  three  right  valves  from  GS 
6071,  all  somewhat  fragmentary  and  decorticated,  with  the  shell  replaced  by  chlorite. 

Horizon.  Mangarewa  Formation,  GS  6071,  6072,  7811,  7812. 

Holotype.  TM  3511,  GS  6072,  PI.  98,  figs.  7-9. 

Paratypes.  TM  3444,  3456,  3485,  3526,  GS  6072;  TM  3434,  3516,  GS  6071;  TM  3531,  3625,  3626, 
GS  7811. 

Diagnosis.  Moderately  elongate  shells  with  subrounded  anterior  portion,  beaks  placed 
just  in  front  of  mid-length.  V formed  by  costae  highly  opisthocline,  and  not  well  defined. 


EXPLANATION  OF  PLATE  98 

Figs.  1-5.  Glyptoleda  intricata  sp.  nov.,  x2.  1-3,  Left,  right,  and  dorsal  aspects  of  holotype,  TM  3508, 
GS  6072.  4,  Left  aspect  of  internal  mould  TM  3524,  posterior  beak  destroyed,  GS  6072.  5,  Right 
valve  of  TM  3509,  GS  6072. 

Figs.  6-12.  GIvptoIeda  flexuosa  sp.  nov.,  x 2.  6,  External  cast  of  TM  3626,  GS  781 1.  7,  8,  9,  Holotype 
TM  3511,  GS  6072.  10,  Internal  mould,  TM  3434,  GS  6071.  11,  TM  3526,  GS  6072.  12,  Internal 
cast  of  TM  3531,  GS  7811. 

Figs.  13-15.  GIvptoIeda  simplicata  sp.  nov.,  X 2.  Holotype,  dorsal,  left  and  right  aspects,  TM  3529, 
GS  6072. 
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Dimensions  in  mm. 


Specimen 

Length 

Height 

Umbonal 

Umbo  from 

{TM) 

Valve 

{L) 

{H) 

Width  angle 

anterior  (U) 

HIL 

UjL 

GS  6072 

3526 

left 

+ 19 

10-8 

3 95° 

8 

3511 

right 

23 

12-4 

3-7 

GS  6071 

11-9 

0-53 

0-51 

3434 

right 

21-5 

12-3 

3-7 

GS  7811 

10 

0-57 

0-47 

3625 

left 

14-4 

7-7 

2-5 

6-8 

0-52 

0-47 

3626 

left 

21? 

11-6 

3-1 

12-5? 

0-55 

0-59 

3531 

right 

25 

11-9 

3-2  95° 

11-8 

0-44 

0-44 

(TM  3434  is  an  internal  mould) 

Description.  External.  The  anterior  part  of  the  shell  is  relatively  large  and  moderately 
subquadrate  in  outline,  the  anterior  and  ventral  margins  are  well  rounded,  and  the 
posterior  part  is  moderately  high  and  obtusely  terminated.  The  beaks  are  low,  opistho- 
gyrous  and  incurved,  and  placed  usually  in  front  of  mid-length.  The  posterior  dorsal 
slope  is  inclined  at  135°  from  the  anterior  dorsal  margin  near  the  beak,  and  is  concave 
but  not  upturned  posteriorly.  The  lunule  is  shallow,  the  escutcheon  well  dehned,  raised 
along  the  mid-line,  and  limited  by  an  umbonal  ridge  that  is  particularly  low  in  the  speci- 
mens from  GS  7811  and  7812.  There  does  not  seem  to  be  any  outer  escutcheon  ridge  in 
specimens  from  GS  7811.  The  escutcheon  is  divided  by  short  inner  escutcheon  ridges 
passing  back  from  the  umbo.  Costae  are  fine,  two  occurring  in  1 mm.  The  axis  of  the  V 
formed  by  the  costae  is  posteriorly  inclined  and  lies  roughly  parallel  to  the  posterior 
umbonal  slope.  Anteriorly  the  costae  are  concentric,  parallel  to  the  ventral  margin. 
They  then  pass  into  a wide  band  of  small  v’s  below  the  umbo,  before  turning  vertically 
to  pass  forward  to  the  edge  of  the  escutcheon.  Within  the  escutcheon  they  turn  even  more 
sharply  forward  toward  the  hinge. 

Internal.  The  hinge  is  well  exposed  in  TM  3531  from  GS  7811.  Fifteen  or  more  teeth 
lie  in  front  of  the  beak  and  eighteen  lower  less  chevron-shaped  teeth  behind  (PI.  98, 
fig.  12).  The  chondrophore  is  exposed  in  TM  3456  from  GS  6072.  The  anterior  adductor 
scar  is  large  and  subrectangular  with  the  long  axis  vertical.  The  posterior  adductor  scar  is 
placed  well  back  from  the  beak  and  is  small,  and  elongated  along  the  posterior  umbonal 
ridge  on  which  it  rests.  Umbonal  muscle  scars  and  pallial  line  are  not  known  for  certain. 

Variation.  Most  of  the  shells  from  GS  6072  have  a slightly  more  prolonged  and  upturned 
rostrum  than  those  from  other  localities. 

Resemblances.  These  specimens  differ  from  G.  intricata  from  the  same  horizon  in  both 
shape  and  ornament.  The  anterior  part  of  the  shell  is  more  rounded,  the  beaks  are  less 
erect  and  more  anteriorly  placed,  the  posterior  part  of  the  shell  is  lower  and  more  pro- 
longed, and  the  ventral  margin  more  rounded  than  in  G.  intricata.  The  costae  are  finer, 
and  the  axis  of  the  V more  posteriorly  inclined. 

The  Ingelara  form  G.  reidi  Fletcher  1945,  pi.  19,  figs.  1-3;  also  figured  by  Campbell 
1953,  pi.  7,  figs.  6-8  is  closely  allied.  G.  reidi  has  a somewhat  similar  anterior  portion, 
and  well-rounded  ventral  margin,  though  the  beaks  are  more  incurved,  and  the  shell 
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more  prolonged  posteriorly.  The  pattern  of  ribbing  is  similar,  with  a vaguely  outlined  V 
and  many  small  v’s,  but  the  V is  usually  less  posteriorly  inclined  in  reidi  (text-fig.  5). 

Glyptoleda  simplicata  sp.  nov. 

Plate  98,  figs.  13-15 

Material.  A specimen  with  valves  conjoined,  and  three  left  valves  from  GS  6072,  and  three  right  valves 
and  four  left  valves  from  GS  6071,  with  other  fragments. 

Horizon.  Mangarewa  Formation,  GS  6071,  6072. 

Holotype.  TM  3529,  GS  6072,  PI.  98,  figs.  13-15. 

Paratypes.  TM  3467,  3514,  3530,  GS  6072;  TM  2337,  3510,  3515,  3518,  3521-3,  GS  6071. 

Diagnosis.  Moderately  elongate  high  shell  with  anterior  and  ventral  margins  well 
rounded,  beak  well  in  front  of  mid-length,  costae  form  a simple  V with  few  zigzags, 
axis  inclined  slightly  back  from  beak. 


Dimensions  in 

mm. 

GS  6072 

Specimen 

Length 

Height 

Umbo  from 

(TM) 

Valve 

(L) 

(H)  Width 

anterior  (U) 

HjL 

UjL 

3514 

left 

16-5 

8?  3-5 

7-5 

— 

0-45 

3467 

left 

18 

10-5  4 

7-8 

0-58 

0-43 

3530 

left 

18-2 

10-5  3-6 

7-1 

0-57 

0-39 

GS  6071 

3515 

right 

22-3 

13-2  4 

9-2 

0-59 

0-41 

3523 

left 

23? 

12?  4-2 

9-5? 

0-52 

0-41 

(TM  3515  is  an  internal  mould) 


Description.  External.  The  shells  are  elongate,  with  prominent  incurved  slightly  opistho- 
gyrous  beaks  of  which  the  umbonal  angle  measures  95°  to  100°.  The  dorsal  anterior 
margin  is  almost  straight,  the  anterior  and  ventral  margins  well  rounded,  the  posterior 
extremity  obtuse,  and  the  dorsal  posterior  slope  moderately  concave,  lying  at  120°  from 
the  anterior  dorsal  margin,  measured  just  behind  the  beak.  The  lunule  is  deeply  concave 
in  front  of  the  beaks,  and  slightly  raised  along  the  mid-line.  The  escutcheon  is  bounded 
by  two  outer  escutcheon  ridges,  which,  as  in  G.  glomerata  Fletcher  and  G.  intricata  sp. 
nov.,  lie  just  within  the  umbonal  ridges.  It  is  divided  by  a pair  of  inner  escutcheon  ridges, 
and  raised  along  the  mid-line,  much  as  in  G.  glomerata. 

The  costae  are  sharply  defined,  two  or  three  occurring  in  1 mm.,  and  form  a well  defined 
V of  which  the  axis  curves  posteriorly  from  the  umbones.  A few  zigzags  are  present. 

Internal.  Ten  posterior  teeth  are  seen  in  TM  3523,  but  otherwise  the  dentition  is 
obscured.  The  same  specimen  shows  a large  anterior  adductor  impression  and  an  elon- 
gate posterior  adductor  impression  situated  under  the  escutcheon  near  the  posterior 
extremity.  In  other  specimens  the  muscle  scars  are  faintly  impressed  and  their  outlines 
vague.  One  specimen,  TM  2337,  has  a narrow  short  internal  umbonal  ridge  with  a small 
deep  scar. 

Variation.  TM  3522  and  3523  have  an  angular  anterior  portion  and  straight  dorsal  pos- 
terior margin  compared  with  other  specimens.  The  ornament  is  like  that  of  the  holotype 
as  far  as  can  be  seen,  but  is  too  obscure  to  allow  certain  identification. 
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Resemblances.  In  ornament  these  specimens  resemble  G.  glomerata  Fletcher  but  are 
distinguished  by  their  different  shape,  having  a more  rounded  anterior  and  more  pro- 
longed posterior  portion.  Some  of  the  Ingelara  specimens  figured  by  Campbell  (1953) 
are  moderately  close  in  appearance,  but  seem  to  be  broken.  Even  so,  they  have  a less 
concave  posterior  dorsal  slope,  and  the  beak  is  less  anteriorly  placed.  Compared  to  other 
Glyptoleda  from  the  Mangarewa  Formation,  this  form  is  easily  distinguished  both  by 
ornament  and  shape,  having  an  anterior  beak  and  simple  V. 

Glyptoleda  sp.  described  by  Dickins  1956,  pi.  1,  figs.  3,  4 from  the  upper  Artinskian 
Wandagee  Formation  of  the  Carnarvon  Basin,  Western  Australia,  has  somewhat  similar 
ornament  and  an  anterior  beak.  The  posterior  dorsal  slope  is  a little  less  concave  than 
in  the  new  species,  and  the  anterior  portion  more  rounded  in  outline. 

Acknowledgements.  Dr.  J.  M.  Dickins,  Bureau  of  Mineral  Resources,  Canberra,  kindly  sent  literature 
not  available  to  the  writer  in  New  Zealand.  I am  also  indebted  to  Mr.  H.  O.  Fletcher,  Australian 
Museum,  for  the  gift  of  a duplicate  of  Folidevcia  ovata  and  to  Dr.  K.  S.  W.  Campbell,  Australian 
National  University,  for  the  gift  of  specimens  of  Glyptoleda.  Photographs  are  by  Mr.  S.  N.  Beatus, 
New  Zealand  Geological  Survey. 


Description  of  fossil  localities 


GS 

locality  Description 

Letham  Formation  (upper  Artinskian) 

6070  Two  chains  east  of  Pack-track  in  small  saddle  south  of  second  east 
branch,  Letham  Burn.  NZMS  1 inch  to  the  mile  map  sheet,  SI 59. 
Grid  reference  988770,  1945  edition. 

6323  Small  bluff  on  south  edge  of  first  small  north  tributary  up  the  first  east 
tributary  of  Letham  Burn.  S159/991760. 

7344  Small  outcrop  at  south  edge  of  first  small  north  tributary  of  the  first 
east  tributary  of  Letham  Burn,  20  ft.  below  GS  6323.  SI 59/990759. 

Mangarewa  Formation  (Kungurian) 

3616  ‘Productus  Creek’,  118  chains  at  220°  from  Letham  Trig.  S159/994748. 


6071  Ridge  10  chains  north-north-east  of  junction  of  east  branch  and 

Letham  Burn.  SI 59/989763. 

6072  Ten  yards  south  of  GS  6071. 


6074  Second  east  branch  (south  fork)  of  Letham  Burn  by  prominent  scarp 
of  conglomerate  on  edge  of  beech  forest.  SI  59/990770. 

7347  First  east  branch  of  Letham  Burn,  2 chains  west  of  prominent  con- 
glomerate scarp  on  north  side.  SI 59/993758. 

7351  Small  outcrop  high  on  west  side  of  ridge  across  stream  from  prominent 
conglomerate  scarp  on  north  side  of  first  east  branch  of  Letham  Burn. 
SI  59/992755. 

7808  Small  promontory  north  of  coral  bioherm  of  GS  6068,  2 chains  south 
of  tributary  of  Letham  Burn  north  of  ‘Coral  Bluff’.  SI 59/994793. 

781 1 Crest  of  ridge  below  the  limestone  scarp  and  1 chain  south  of  GS  6072. 

Small  outcrop  only  18  in.  square.  SI 59/991763. 

7812  Two  chains  north  of  GS  6071,  across  the  tiny  creek  by  7 yards  (second 

east  tributary  of  Letham  Burn)  in  bluffs  6 ft.  high.  SI 59/765990. 
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GS 

locality  Description 

7813  West  edge  of  beech  forest  6 chains  south  of  Coral  Bluff  in  loose  scree 
and  solid  beds  to  east,  on  ridge  between  stream  and  swampy  stream- 
let. SI  59/992777. 

7353  Small  outcrop  on  east  side  and  at  the  top  of  the  second  north  branch  of 
Productus  Creek.  SI 59/994751. 
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ASSEMBLAGES  OF  MIOSPORES  FROM  SOME 
UPPER  CARBONIFEROUS  COALS  AND  THEIR 
ASSOCIATED  SEDIMENTS  IN  THE  YORKSHIRE 

COALFIELD 

by  A.  E.  MARSHALL  and  A.  H.  V.  SMITH 


Abstract.  An  investigation  has  been  made  of  the  miospore  assemblages  in  the  coals  at  the  bottom  and  top  of 
certain  Yorkshire  seams  and  in  the  adjacent  seat-earths  and  roof  measures.  The  assemblages  from  the  sediments 
are  similar  and  are  often  richer  in  numbers  of  species  than  those  from  the  adjacent  coals.  The  spores  provide 
no  evidence  for  the  existence  on  the  seat-earths  of  a distinctive  type  of  vegetation  differing  significantly  in  com- 
position from  that  which  formed  the  initial  peat  layer.  Several  spore  genera  do,  however,  show  greater  fre- 
quency of  occurrence  in  the  sediments  than  in  the  coals.  The  investigation  suggests  the  value  of  seat-earths  for 
the  solution  of  correlation  problems  when  the  associated  coal  is  lacking.  Four  new  miospore  species  from  the 
sediments  are  described,  also  remains  of  the  algal  genus  Botryococciis.  The  miospore  species  are  Leiotriletes 
tiirgidus,  Pimctatisporites  arenosus,  Convolutispora  tumulosa,  and  Savitrisporites  concavus. 


Many  workers  have  studied  the  spores  in  coal  seams  and  in  recent  years  assemblages 
have  been  described  from  other  rocks.  There  have  been  few  comparative  studies  of  the 
spores  in  coal  seams  and  their  associated  sediments.  Hoffmeister,  Staplin,  and  Malloy 
(1955),  Neves  (1958),  and  Staplin  (1960)  examined  short  sequences  of  sediments  from 
single  geological  horizons. 

A more  extensive  investigation  was  carried  out  by  Neves  (1961)  on  a series  of  un- 
associated sediments  and  coals  of  Namurian  age  from  central  England.  This  work  con- 
firmed the  earlier  observations  that  whereas  some  species  transgress  ‘facies  boundaries’ 
and  are  present  in  coal,  non-marine  shales,  and  marine  shales,  others  were  recorded  only 
from  a particular  type  of  rock. 

Of  particular  relevance  to  the  present  investigation  are  the  results  of  Sullivan  (1962) 
who  described  spore  assemblages  from  coals  and  shales  collected  from  forty-five 
horizons  within  the  Coal  Measures  sequence  in  South  Wales.  Sampling  through  any 
one  cyclothem  was  discontinuous  although  the  total  number  of  samples  included  at  least 
one  example  from  each  lithological  unit  within  a cyclothem.  Preparations  from  the  seat- 
earths  and  the  sandstones  yielded  few  or  no  spores.  The  assemblages  from  the  basal  part 
of  the  roof  shales  were  comparable  both  in  composition  and  proportion  of  species  with 
those  from  the  underlying  coal  seams.  This  also  applied  to  some  of  the  shales  well  above 
the  coals.  The  differences  between  the  composition  of  these  assemblages  are  of  the  same 
order  as  those  between  different  coal  types  from  the  same  seam  (Smith  1957,  1962). 

No  systematic  attempt  has  been  made  to  compare  assemblages  in  the  seat-earths  and 
roof  measures  with  those  from  the  adjacent  portions  of  coal  seams.  Little  is  therefore 
known  of  the  precise  changes  which  took  place  in  the  vegetation  at  the  beginning  and 
end  of  peat  formation. 

Considerable  practical  advantages  to  coalfield  geology  will  result  from  a study  of  the 
spores  in  clastic  sediments.  Sullivan  (1962)  has  shown  that  many  of  the  spores  which 
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have  been  used  for  zoning  the  coal-bearing  strata  of  Great  Britain  (Butterworth  and 
Millott  1960)  have  similar  stratigraphic  ranges  in  the  sediments  and  the  coals.  In  areas 
where  the  rank  of  the  coal  prohibits  the  isolation  of  the  spores  from  the  coal,  seams  can 
still  be  placed  in  their  approximate  stratigraphic  position  on  the  basis  of  the  spores  in 
the  associated  sediments  as  suggested  by  Sullivan. 

Seat-earths  are  worth  investigating  for  their  value  as  a means  of  correlating  horizons 
where  expected  coal  seams  appear  to  be  lacking.  In  these  instances  the  seat-earths,  which 
are  often  of  considerable  lateral  extent,  may  provide  the  only  reliable  basis  for  corre- 
lation. 

For  these  reasons  a preliminary  investigation  was  made  of  the  assemblages  of  small 
spores  (miospores)  in  the  coals  adjacent  to  the  roofs  and  floors  and  in  a limited  thickness 
of  these  immediate  roofs  and  floors  from  some  of  the  more  important  seams  from  the 
Lower  and  Middle  Coal  Measures  of  the  Yorkshire  coalfield  (Westphalian  A,  B,  and 
lower  C).  These  seams,  the  sampling  localities,  and  brief  descriptions  of  samples  are  given 
in  the  Appendix.  Ash  values  are  given  as  a rough  guide  to  the  organic  content  of  the 
samples  as  well  as  the  colour  of  each  dry  powdered  rock  sample  as  determined  in  day- 
light by  reference  to  the  Geological  Society  of  America  Rock  Color  Chart  (1951). 

Most  of  the  samples  were  collected  specially  from  underground  workings  for  the 
present  investigation.  This  imposed  a restriction  on  the  thickness  of  sample  which  could 
be  collected  from  below  the  coal  seam.  In  order  to  increase  the  number  of  seams  examined, 
use  was  made  of  certain  subsections  collected  as  part  of  the  routine  seam-survey  pro- 
gramme of  the  National  Coal  Board  Coal  Survey  Laboratory  at  Sheffield.  The  thickness 
of  some  of  these  samples  is  not  known.  Wherever  possible,  however,  the  thickness  of  coal 
was  restricted  to  a few  inches  to  avoid  obvious  changes  in  petrographic  type.  The 
distinction  between  coal,  inferior  coal,  and  coaly  shale  was  made  subjectively  in  the 
present  investigation.  In  most  instances  the  boundary  between  the  coal  and  the  adjacent 
sediment  was  readily  apparent  but  there  were  cases  where  the  transition  was  gradual 
and  less  easily  defined.  The  Swallow  Wood  seam  was  sampled  at  two  localities  5 miles 
apart  to  examine  the  nature  of  lateral  variation  in  spore  content. 

TECHNIQUES 

The  coals  in  this  investigation  were  macerated  with  fuming  nitric  acid  (S.G.  1-5). 
A representative  sample  of  each  coal  was  crushed  to  just  pass  a 36  BS  sieve  (aperture 
0-42  mm.)  and  approximately  0-5  g was  treated  with  acid  at  room  temperature  for  16 
hours.  Experience  has  shown  that  this  method  is  less  liable  to  result  in  chemical  attack 
of  the  spore  exines  than  that  using  Schulze  reagent  and  alkali. 

The  sediments  were  crushed  to  pass  a 14  BS  sieve  (aperture  1-20  mm.)  and  depend- 
ing on  the  organic  content  1-2  g of  the  powdered  rock  were  pretreated  with  40  per  cent, 
hydrofluoric  acid  for  at  least  48  hours  in  a water  bath  at  40°  C.  to  remove  silicates.  The 
organic  residue  was  then  macerated  by  the  so-called  dry  Schulze  method.  In  practice 
0-6  g of  crystalline  potassium  chlorate  and  20  ml.  of  concentrated  nitric  acid  were  added 
to  the  moist  residue  after  removal  of  the  hydrofluoric  acid.  The  alkali-soluble  ulmins 
were  removed  from  the  maceration  residue  by  washing  with  5 per  cent,  potassium 
hydroxide.  Schulze  reagent  was  used  on  the  sediments  in  preference  to  fuming  nitric 
acid  since  the  reaction  is  more  easily  controlled,  an  important  consideration  when  the 
amount  of  organic  material  requiring  oxidation  is  variable. 


658 


PALAEONTOLOGY,  VOLUME  7 


In  the  case  of  the  roof  of  the  Pot  Clay  coal,  it  was  found  that  gentle  boiling  with  100- 
volume  hydrogen  peroxide  gave  better  results  than  the  Schulze  method. 

The  maceration  residues  were  subjected  to  ultrasonic  vibrations  in  a 80/40-watt  tran- 
sistorized ‘Soniclean’  with  tank-type  transducer  for  periods  of  time  which  varied  with 
the  individual  samples.  This  treatment  cleans  and  disaggregates  the  spores  when  this  is 
necessary,  generally  facilitating  subsequent  examination. 

Finally,  two  slides  were  prepared  from  the  spore  residue  of  each  sample,  one  being 
an  open  and  the  other  a covered  gelatine  mount.  A count  of  500  spores  was  then  made, 
based  on  250  spores  from  each  slide.  Frequencies  determined  in  this  manner  have  in- 
creased accuracy  (Tomlinson  1957).  Both  slides  were  then  traversed  completely  for  forms 
not  observed  during  the  initial  counting.  The  open  slides  in  each  case  provided  the  spores 
for  single  grain  mounts. 


SYSTEMATIC  PALAEONTOLOGY 

The  terminology  employed  in  the  descriptions  is  that  recommended  by  the  nomen- 
clature sub-committee  of  the  International  Committee  of  the  Microflora  of  the  Palaeo- 
zoic. All  type  and  certain  other  figured  specimens  mounted  singly  in  glycerine  jelly  are 
referred  to  by  a preparation  number.  The  remaining  figured  specimens,  not  so  prepared, 
are  referred  to  by  a preparation  number  followed  by  the  ‘east-west’  and  ‘north-south’ 
mechanical  stage  readings  from  a Vickers  Instruments  (Cooke,  Troughton,  and  Simms) 
biological  research  microscope.  All  figured  specimens  are  available  for  reference  at  the 
Coal  Survey  Laboratory  of  the  National  Coal  Board,  Sheffield. 

Anteturma  sporites  H.  Potonie  1893 
Turma  triletes  (Reinsch)  Potonie  and  Kremp  1954 
Subturma  azonotriletes  Luber  1935 
Infraturma  laevigati  (Bennie  and  Kidston)  Potonie  1956 
Genus  leiotriletes  (Naumova)  Potonie  and  Kremp  1954 

Leiotriletes  lurgidiis  sp.  nov. 

Plate  99,  figs.  1-3 

Holotype.  Plate  99,  fig.  1.  Preparation  T75/1. 

Type  locality.  Non-coaly  seat-earth  of  Swallow  Wood  seam,  Elsecar  Main  Colliery,  Yorkshire.  Lower 
Westphalian  B. 

Diagnosis.  Amb  triangular  to  roundly  triangular,  sides  concave,  straight  or  convex, 
apices  narrowly  to  broadly  rounded,  margin  smooth.  Laesurae  sim.ple,  generally  accom- 
panied by  folds  aligned  more  or  less  parallel  with  the  rays  and  giving  the  appearance 
of  prominent  lips;  laesurae  and  folds  extend  nearly  to  equator.  Exine  thick,  5-7  /x,  and 
laevigate;  often  pyramidally  elevated,  culminating  in  vertex.  Single  distal  compression 
fold  often  follows  margin. 

Size  (25  specimens).  Maximum  dimensions  from  apex  to  opposite  inter-radial  margin  59 
(77)  104  |L6;  holotype  82  p.  Treatment,  dry  Schulze  and  5 per  cent.  KOH. 

Description.  Shape  somewhat  variable  depending  on  convexity  of  inter-radial  margins. 
Combined  width  of ‘lips’  10-17  p.  Continuous  marginal  fold  often  present,  more  or  less 
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uniform  in  width  and  situated  distally  from  the  equator.  Presence  of  fold  appears  to  be 
related  to  state  of  compression  of  exine;  forms  with  elevated  proximal  surface  appear  to 
lack  marginal  fold.  Exine  thickness  often  visible  at  spore  margin;  colour  reddish-brown 
to  very  dark  brown. 

Comparison.  Leiotriletes  ornatus  Ishchenko  1956  in  Playford  1962,  p.  575,  is  morpho- 
logically similar  but  is  smaller,  32  (46)  63  /x,  with  thinner  exine  (2-3-5  p)  and  narrower 
lips  (each  2-5-4-5  p wide).  Spore  type  1 described  by  Love  (1960,  p.  122)  is  considered 
by  Playford  to  be  ‘undoubtedly  representative’  of  L.  ornatus.  Spore  type  2 (ibid.)  is 
similar  in  shape  and  size  to  L.  turgidus  sp.  nov.  but  ‘shows  very  strong  infrastructure’. 

Spore  type  C of  Neves  (1958,  pi.  ii,  fig.  6)  is  morphologically  very  like  L.  turgidus  but 
is  circular  with  very  broad  lips  (14-20  p wide). 

Genus  punctatisporites  (Ibrahim)  Potonie  and  Kremp  1954 
Punctatisporites  arenosus  sp.  nov. 

Plate  99,  figs.  4,  5 

Holotype.  Plate  99,  fig.  4.  Preparation  T76/1. 

Type  locality.  Non-coaly  seat-earth  of  Swallow  Wood  seam,  Elsecar  Main  Colliery,  Yorkshire.  Lower 
Westphalian  B. 

Diagnosis.  Amb  circular  to  subcircular,  commonly  distorted  by  compression;  margin 
smooth.  Laesurae  simple,  reaching  nearly  to  amb,  infrequent.  Exine  with  granulate 
infrastructure,  generally  strongly  developed  and  usually  with  distinct  pseudo-rim,  2-7  p 
wide.  Compression  folds  characteristic,  randomly  orientated,  frequently  long  and 
narrow. 

Size  (25  specimens).  82  (104)  126  p;  holotype  109  p.  Treatment,  dry  Schulze  and  5 per 
cent.  KOH. 

Description.  Although  a tetrad  mark  is  infrequently  seen  (c.  5 per  cent,  of  spores 
examined)  exine  commonly  shows  a triangular  tear  which  has  probably  resulted  from 
a rupture  along  a triradiate  line  of  weakness.  Laesurae  may  be  obscured  by  folds  more 
or  less  parallel  to  sutures.  Pseudo-rim  structureless,  with  ill-defined  inner  margin;  results 
from  viewing  the  hyaline  substance  of  the  exine  wall  with  its  internal  structure  in  strongly 
compressed  material. 

Comparison.  The  size,  general  absence  of  tetrad  mark,  distinct  infrastructure  and 
characteristic  form  of  the  folding  are  all  features  which  serve  to  distinguish  this  species 
from  all  other  previously  described  forms  of  the  genus  Punctatisporites. 

Infraturma  murornati  Potonie  and  Kremp  1954 
Genus  convolutispora  Hoffmeister,  Staplin,  and  Malloy  1955 

Convo/utispora  tunndosa  sp.  nov. 

Plate  99,  figs.  6-8 

Holotype.  Plate  99,  fig.  6.  Preparation  T77/I. 

Type  locality.  Non-coaly  seat-earth  of  Swallow  Wood  seam,  Elsecar  Main  Colliery,  Yorkshire.  Lower 
Westphalian  B. 
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Diagnosis.  Amb  circular  to  subcircular,  margin  more  or  less  undulate  to  smooth. 
Laesurae  simple  or  with  thickenings  parallel  to  the  commissure,  often  indistinct  or  not 
seen,  straight  or  sinuous,  two-thirds  radius  to  margin.  Proximal  and  distal  ornament  of 
continuous  anastomosing  ridges,  rounded  conical  to  flat-topped  in  optical  section,  up  to 
4 yu,  in  height  and  4-10  ft  in  basal  width  (measured  at  margin),  maximum  width  at  their 
confluence,  enclosing  irregularly  shaped  laeunae  with  maximum  diameter  2-10  ft. 
Ornament,  particularly  in  high  focus,  gives  a retieulate  pattern;  inner  surface  of  exine 
shows  a distinct  reticulum.  Number  of  ridges  projeeting  at  margin  20-25.  One  or  two 
random  folds  may  be  present.  Exine  thin  in  lacunae. 

Size  (25  specimens).  54  (64)  77  ij.:  holotype  68  ft.  Treatment,  dry  Schulze  and  5 per  cent. 
KOH. 

Description.  Shape  variable,  depending  on  compression,  probably  originally  spherical 
since  there  is  no  preferred  orientation.  Margin  generally,  at  least  in  part,  strongly  un- 
dulose.  Sides  of  ridges  parallel  or  converging,  usually  towards  apex.  Distinctness  of  outer 
reticulum  variable  due  to  fluctuating  height  and  width  of  ridges;  generally  visible  with 
careful  focusing.  Inner  reticulum  positive,  distinct  and  regular;  probably  a compression 
feature  of  the  outer  reticulum. 

Comparison.  In  Convolutispora  mellita  Hoflineister,  Staplin,  and  Malloy  1955  (size  60- 
85  ft)  the  ridges  are  not  so  broad  (2-8-5-6  ft)  and  reticulation  is  less  marked.  Speeimens 
of  C.  mellita  from  the  type  loeality  were  examined  by  the  authors.  Corivolutispora  sp.  A. 
Neves  1961  is  larger  (122  ft)  and  has  somewhat  broader  sculptural  elements  (6-10  ft 
wide).  Reticulatisporites  textilis  Balme  and  Hassel  (1962)  is  also  larger  (size  89  (106) 
135  ft),  has  smoother  margin,  and  a more  distinct  reticulum. 

Palaeobotanical  affinites.  Radforth  (1939,  pi.  i,  figs.  2,  6,  7)  and  W.  and  R.  Remy  (1957, 
pi.  3,  figs.  5-7)  have  figured  spores  of  closely  comparable  size,  52  (61)  70  ft  (Radforth 
1939),  and  morphology  to  those  of  Convolutispora  twnulosa  sp.  nov.  from  the  schizaea- 
ceous  fern  Senftenbergia  pennaeformis  Brongniart.  Butterworth  and  Williams  (1958) 
noticed  the  close  similarity  between  the  spores  of  S.  sturi  Sterzel  and  the  dispersed  spore 
Savitrisporites  {Callisporites)  nux  (Butterworth  and  Williams)  Sullivan  1964.  It  is  of 


EXPLANATION  OF  PLATE  99 

All  figures  x 500  except  where  stated.  All  miospores  photographed  are  from  seat-earth  of  Swallow 

Wood  Seam,  Elsecar  Main  Colliery,  Yorkshire. 

Figs.  1-3.  Leiotriletes  turgidus  sp.  nov.  1,  Holotype;  proximal  surface.  2,  3,  Proximal  view,  medium 
focus;  preparations  T75/2  and  T75/3. 

Figs.  4,  5.  Pimctatisporites  arenosiis  sp.  nov.  4,  Holotype,?  proximal  view,  low  focus.  5,  Proximal  view, 
medium  focus;  preparation  T76/2. 

Figs.  6-8.  Convolutispora  tiimulosa  sp.  nov.  6,  Holotype,  medium  focus.  7,  Proximal  surface;  prepara- 
tion Til jl.  8,  Low  focus  showing  reticulate  inner  surface  of  exine  through  tear;  preparation  T77/3. 

Figs.  9-12.  Savitrisporites  concavus  sp.  nov.  9,  Holotype,  proximal  surface.  10,  Distal  surface;  prepara- 
tion T78/2,  22  0 78  0.  11,  Proximal  surface;  preparation  T78/2,  18-5  76-5.  12,  Proximal  surface; 
preparation  T78/3,  8 1 76-8. 

Figs.  13-16.  Savitrisporites  nux  (Butterworth  and  Williams)  Sullivan.  13,  Distal  surface;  preparation 
T78/2,  30-5  65  0.  14,  Distal  surface;  preparation  T55/2  (mounted  between  two  cover  glasses)  ring 
number  4.  15,  16,  Preparation  T55/2,  ring  number  2,  X 1000:  15,  Proximal  surface;  1 6,  Distal  surface 
(preparation  photographed  from  reverse  side). 
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interest  that  both  species  of  dispersed  spores  are  well  represented  in  the  assemblages 
from  the  seat-earth  of  the  Swallow  Wood  seam  at  Elsecar  Main  Colliery. 

Turma  zonales  (Bennie  and  Kidston)  Potonie  1956 
Subturma  zonotriletes  Waltz  1955 
Infraturma  cingulati  Potonie  and  Klaus  1954 
Genus  savitrisporites  Bharadwaj  1955 

Savitrisporites  cortcavus  sp.  nov. 

Plate  99,  figs.  9-12 

Holotype.  Plate  99,  fig.  9.  Preparation  T78/1. 

Type  locality.  Non-coaly  seat-earth  of  Swallow  Wood  seam,  Elsecar  Main  Colliery,  Yorkshire.  Lower 
Westphalian  B. 

Diagnosis.  Amb  triangular,  sides  straight  to  strongly  concave,  margin  more  or  less  crenu- 
late  to  smooth,  apices  pointed  to  narrowly  rounded.  Laesurae  simple,  straight,  reaching 
inner  margin  of  cingulum,  suture  often  open.  Proximal  ornament,  if  present,  of  ridges 
bordering  laesurae;  distal  ornament,  if  present,  of  irregular  thickenings.  Apical  swellings 
often  developed.  Cingulum  width  often  variable  on  any  one  specimen. 

Size  (25  specimens).  Maximum  dimension  from  apex  to  opposite  inter-radial  margin 
29  (34)  43  /x;  holotype  43  p.  Treatment,  dry  Schulze  and  5 per  cent.  KOH. 

Description.  Laesurae  often  appear  to  have  thickened  lips  owing  to  a broad,  flat-topped 
ridge  bordering  each  ray  and  occupying  most  of  central  area.  Distal  ornament,  when 
developed,  usually  prominent  (height  2-4  p)  mainly  around  distal  pole  and  radiating 
towards  each  apex.  A pair  of  apical  swellings  may  be  developed  from  ornament  on 
either  surface.  Cingulum  often  widest  in  radial  positions  and  frequently  irregular  in 
profile,  possibly  as  result  of  corrosion. 

Comparison.  Savitrisporites  (CalUsporites)  mix  (Butterworth  and  Williams)  Sullivan  is 
larger,  30  (47)  60  /x  (in  Sullivan),  its  shape  is  typically  convex  and  it  possesses  regularly 
disposed  distal  ornament.  Specimens  of  S.  mix  are  illustrated  in  Plate  99,  figs.  13-16  of 
this  paper  for  comparison.  In  the  type  material  a small  number  of  specimens  have  been 
observed  with  features  intermediate  between  S.  concavns  and  S.  nux.  S.  asperatus  Sulli- 
van 1964  is  of  comparable  size,  but  its  sides  are  less  concave,  the  inner  margin  or  the 
cingulum  is  less  well  defined,  the  irregular  distal  thickenings  cover  the  whole  distal  sur- 
face, apical  thickenings  are  more  prominent  and  the  exine  is  thicker.  S.  triangulus 
Bharadwaj  1955  is  larger  (53-65  p),  has  straight  sides,  and  possesses  a heavier  distal 
ornament. 


ALGAE-XANTHOPHYCEAE 

Genus  botryococcus 

Plate  100,  figs.  1-4 

Discussion.  The  immediate  roof  of  the  Shafton  seam  as  collected  from  Dearne  Valley 
Colliery  Drift  consists  of  5 in.  of  coaly  mudstone.  The  spore  residue  obtained  by  mace- 
rating this  material  contained  many  branched,  hollow  structures  which,  on  both  size 
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and  morphology,  may  be  grouped  with  the  polymorphic  algal  species  Botryococcus 
braimii  Kiitzing  1849.  Botryococcus  has  a stratigraphic  range  from  at  least  Lower 
Carboniferous  to  Recent  (Traverse  1955).  The  forms  found  in  the  present  work  compare 
closely  with  the  descriptions  and  illustrations  of  Blackburn  and  Temperley  (1936)  who 
dealt  with  both  fossil  and  modern  forms  of  Botryococcus. 

The  Shafton  specimens  bear  closest  resemblance  to  the  branched  Pila  colonies  shown 
in  Temperley’s  pi.  i,  figs.  9,  10,  although  they  are  usually  more  fragmentary.  The  hollow 
nature  of  the  branches  with  a distinct  tendency  to  be  incurved  at  the  tips  is  evident  in 
Plate  100,  figs.  2,  3.  On  some  of  the  axes  a ladder-like  pitting  is  visible,  Plate  100,  fig. 
4,  and  this  may  be  similar  in  origin  to  the  scalariform  structure  observed  by  Blackburn, 
which  she  interpreted  as  the  product  of  ‘the  separation  of  the  basal  portions  of  the  cups 
and  their  lamellae’  (1936,  p.  844).  Scattered  circular  granules  may  also  occur  on  the 
branches.  Only  the  cuticular  thimbles  of  Botryococcus  appear  to  be  preserved  in  the 
material  examined,  the  enclosed  cells  and  outer  waxy  cups  being  absent.  The  radial 
groups  of  cells  which  form  spherical  colonies  are  commonly  preserved  but  are  now 
compressed  to  disc-like  aggregates. 

Thin  sections  were  prepared  of  the  shale  from  which  the  algae  had  been  isolated. 
These  sections  contained  scattered  fragments  of  the  alga  with  the  same  form  as  those 
obtained  by  maceration.  It  was  therefore  evident  that  no  structural  changes  had  taken 
place  during  the  maceration  process. 

Further  thin  sections  of  the  immediate  roof  of  the  Shafton  seam,  from  several  localities 
in  the  Yorkshire  coalfield,  proved  to  contain  Botryococcus  of  the  form  illustrated.  The 
persistence  and  abundance  of  Botryococcus  in  the  Shafton  roof  may  well  prove  to  be 
a reliable  marker  for  this  horizon.  It  would  appear  that  the  conditions  suitable  for  the 
growth  of  Botryococcus  were  widespread  in  Yorkshire  immediately  above  the  Shafton 
seam. 

Fragments  of  the  alga  have  also  been  found  sporadically  in  separations  from  seat- 
earth,  roof,  and  coal  samples  from  the  Flockton,  Swallow  Wood,  and  Barnsley  seams 
examined  during  the  course  of  this  work. 

Records  of  the  occurrence  of  Botryococcus  in  primarily  inorganic  sediments  of  Coal 
Measures  age  in  the  British  coalfields  are  rare.  Neves  has  found  Botryococcus  to  be 
widespread  at  two  principal  horizons  in  the  non-marine  shales  of  the  southern  Pennines, 
namely  the  Carbonicola  exporecta  horizon  (1961,  p.  277)  and  the  roof  of  the  Pot  Clay 
coal  (pers.  comm.). 

MIOSPORE  ASSEMBLAGES  IN  COALS  AND  THEIR  ASSOCIATED 

SEDIMENTS 

Adequate  numbers  of  miospores  were  isolated  from  all  the  samples  so  that  counting 
250  specimens  per  slide  presented  no  difficulty  even  with  separations  from  sediments. 


EXPLANATION  OF  PLATE  100 

Figs.  1-4.  Botryococcus  isolated  from  roof  measures  of  Shafton  seam.  1,  Portion  of  colony.  2,  3,  Frag- 
ments of  colony  with  hollow  terminal  cups;  preparation  T79/2,  15T  87  0 and  8-9  72-3.  4,  Axes  of 
portion  of  colony  showing  characteristic  markings;  preparation  T79/2,  35  0 86-5.  All  figures  X 500. 
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MARSHALL  and  SMITH,  Upper  Carboniferous  Botryococcus 
HUNTER  and  LANGSTON,  Odontoma  in  mammoth 


MARSHALL  AND  SMITH:  MIOSPORES  IN  THE  YORKSHIRE  COALFIELD  663 

In  general,  over  the  thickness  sampled,  coaly  rocks  yielded  larger  numbers  of  spores 
but  fewer  species  than  the  samples  containing  less  organic  material.  Therefore  the  num- 
ber of  species  generally  tends  to  increase  with  distance  from  the  coal.  However,  the 
numbers  of  species  in  the  coals  and  in  the  associated  rocks  of  any  one  seam  may  differ 
considerably  from  the  numbers  in  any  other  seam  (Table  1). 


TABLE  1.  Number  of  species  per  500  spores  in  coal  and  associated  sediments. 


Seam 

Seat- earth 

Bottom 
of  Seam 

Top 

of  Seam 

Roof  Measures 

Shafton 

40  26 

22 

54 

34  56  43  52*  42 

Beamshaw 

28 

30 

Barnsley 

27  28  27  34 

24 

32 

38 

Swallow  Wood 

54  46 

43 

40 

49 

Swallow  Wood 

58  49 

40 

42 

41 

Flockton  Thick 

54 

28 

33 

44 

Silkstone 

23 

22 

Top  Beeston 

1 5 

15 

Pot  Clay 

41 

22 

19 

Inferior  coal* 


The  true  diversity  of  the  microflora  is  not  always  apparent  from  a count  of  500  speci- 
mens when  one  species  is  overwhelmingly  dominant  in  the  assemblage.  This  is  true  of 
the  seat-earth  of  the  Beeston  seam  and  the  roof  of  the  Pot  Clay  seam  from  which  a large 
number  of  species  were  recorded  after  examination  of  the  entire  slides  prepared  from 
these  samples. 

Table  2 lists  the  genera  and  the  number  of  their  species  recorded  from  the  samples. 
The  occurrence  of  the  genera  in  seat-earths  and  roof  measures  and  the  number  of  species 
in  samples  of  each  type  are  also  recorded. 

Few  genera  are  recorded  exclusively  from  one  type  of  sample.  Genera  with  species 
whose  abundance  exceeds  2 per  cent,  in  any  sample  are  indicated  in  the  table.  Very  few 
of  such  genera  consistently  attain  this  level  of  abundance. 

Table  3 shows  the  abundance  of  Lycospora  spp.  in  the  sediments  and  coals.  With  four 
exceptions,  two  from  the  Shafton  seam  and  two  from  the  Swallow  Wood  seam,  this 
genus  dominates  all  the  assemblages,  exceeding  50  per  cent,  in  most  instances  and  some- 
times 80  per  cent,  of  the  total  spores  counted. 

The  frequencies  of  the  other  relatively  abundant  genera  or  species  in  the  coals  and 
sediments  are  shown  graphically  in  text-figs.  1,  2,  and  3.  Several  genera  such  as  Calamo- 
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TABLE  2.  Occurrence  of  genera  and  representation  of  species  in  coals  and  associated  sediments. 


Number  of  samples 
containing  genus 

Number  of  species 
in  samples 

Sediments 

Coals 

Sediments 

Coals 

Genus 

& 

2 

Seat-earth 
(total  samples  8) 

Roof 

(total  samples  5) 

Bottom 

(total  samples  8) 

Top 

(total  samples  5) 

Seat-earth 

Roof 

Bottom 

Top 

Reticiilatasporites  (Ibrahim)  Pot.  and  Kr. 
1954*  

1 

1 

3 

4 

2 

1 

1 

1 

1 

Granasporites  Alpern  1959* 

1 

6 

4 

3 

3 

1 

1 

1 

1 

Leiotriletes  (Naumova)  Pot.  and  Kr.  1954*. 

4 

8 

3 

8 

5 

4 

4 

4 

4 

Ahrensisporites  Pot.  and  Kr.  1954 

1 

2 

2 

1 

1 

1 

I 

1 

1 

Punctatisporities  (Vovnh'm)  Pot.  and  Kr.  1954 

3 

6 

2 

1 

1 

3 

1 

2 

1 

Calamospora  Schopf,  W.  and  B.  1944* 

6 

8 

5 

5 

5 

6 

5 

5 

5 

Graniilat isporites  (Xhrsih'm)  Pot.  and  Kr.  1954 

6 

8 

4 

7 

5 

6 

5 

5 

5 

Cvclogranisporites  Pot.  and  Kr.  1954* 

4 

5 

4 

7 

4 

4 

4 

4 

3 

Veirucosisporites  (Vor&him)  Pot.  and  Kr.  1954 

3 

2 

2 

2 

- 

3 

1 

2 

- 

Lophotriletes  (Naumova)  Pot.  and  Kr.  1954* 

6 

7 

4 

7 

4 

6 

4 

4 

4 

Ancipiciilatisporites  Pot.  and  Kr.  1954 

2 

2 

2 

4 

2 

2 

2 

2 

2 

Apiciilatisporis  Pot.  and  Kr.  1956* 

7 

6 

5 

6 

4 

6 

5 

4 

6 

Planisporites  (Knox)  Pot.  and  Kr.  1954 

1 

5 

5 

4 

3 

1 

1 

1 

1 

Crassispora  Bharadwaj  1954* 

1 

8 

5 

8 

5 

1 

1 

1 

1 

Pustulatisporites  Pot.  and  Kr.  1954 

1 

4 

2 

3 

2 

1 

1 

1 

1 

Acanthotriletes  (Naumova)  Pot.  and  Kr.  1954 

4 

2 

3 

1 

2 

3 

3 

1 

3 

Ibrahimispores  Artuz  1957 

1 

- 

1 

- 

- 

- 

1 

- 

- 

Raistrickia  (Schopf,  W.  and  B.)  Pot.  and  Kr. 
1954*  

4 

8 

5 

8 

5 

4 

4 

3 

4 

Foveolatisporites  Bharadwaj  1955 

1 

- 

1 

- 

1 

- 

1 

- 

1 

Dictvotriletes  (^SLumovz.)  Pot.  and  Kr.  1954* 

4 

6 

4 

4 

3 

4 

3 

3 

3 

Novisporites  Bharadwaj  1957*  . 

1 

1 

1 

1 

1 

1 

1 

1 

1 

2 

Reticiilatisporites  (IhraWm)  Pot.  and  Kr.  1954 

4 

2 

2 

1 

1 

3 

3 

1 

Knoxisporites  Pot.  and  Kr.  1954 

2 

3 

2 

2 

1 

2 

2 

2 

1 

Camptotriletes  Fla.\xmovz.  1931  . 

2 

4 

2 

4 

1 

2 

2 

2 

1 

Convohilispora  Hoffmeister,  S.  and  M.  1955* 

1 

2 

- 

1 

- 

1 

- 

1 

- 

Vestispora  Wilson  and  Hoffmeister  1956 

3 

5 

5 

5 

3 

2 

3 

2 

2 

Triquitrites  (Wilson  and  Coe)  Pot.  and  Kr. 
1954*  

3 

2 

1 

2 

1 

2 

3 

2 

2 

Amilatisporites  (Loose)  Pot.  and  Kr.  1954*  . 

1 

3 

4 

1 

2 

1 

1 

1 

1 

Densosporites  (B^vvy)  Pot.  and  Kr.  1954* 

3 

6 

3 

5 

2 

3 

1 

2 

2 

Cingulizonates  Dybova  and  J.  1957*  . 

3 

4 

5 

2 

2 

2 

3 

2 

2 

Lvcospora  (Schopf,  W.  and  B.)  Pot.  and  Kr. 
'1954*  

4 

8 

5 

8 

5 

4 

4 

4 

4 

Bharadwaj  1955* 

3 

6 

4 

4 

2 

3 

2 

1 

1 

Cristatisporites  Pot.  and  Kr.  1954 

3 

2 

3 

2 

2 

2 

3 

1 

2 

Cirratriraclites  Wilson  and  Coe  1940* 

4 

5 

5 

3 

3 

4 

2 

2 

2 

Reinschospora  Schopf,  W.  and  B.  1944 

1 

2 

1 

- 

- 

1 

1 

- 

- 

Laevigatosporites  Ibrahim  1933* 

2 

6 

4 

7 

4 

2 

2 

2 

I 

Punctatosporites  1933*  . 

2 

6 

4 

7 

4 

1 

2 

1 

2 

Auroraspora  Hoffmeister,  S.  and  M.  1955  . 

1 

1 

1 

- 

- 

1 

1 

- 

- 

Endosporites  Wilson  and  Coe  1940*  . 

2 

4 

4 

4 

4 

2 

2 

2 

2 

Florinites  Schopf,  W.  and  B.  1944 

6 

8 

5 

8 

5 

6 

6 

5 

5 

Alatisporites  Ibrahim  1933 

1 

1 

2 

3 

- 

1 

1 

1 

- 

Schopfipollenites  Pot.  and  Kr.  1954 

1 

3 

2 

2 

- 

1 

1 

1 

— 

* Genera  with  species  whose  abundance  is  greater  than  2 per  cent,  in  at  least  one  sample. 
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spora  Schopf,  Wilson,  and  Bentall,  Densosporites  (Berry)  Potonie  and  Kremp,  and 
Florinifes  Schopf,  Wilson,  and  Bentall  often  show  higher  values  in  the  seat-earths  and 
sometimes  in  the  roof  measures  than  in  the  associated  coals. 

It  is  interesting  that  the  assemblages  from  the  seat-earth  of  the  Swallow  Wood  seam 
in  which  Lycospora  spp.  are  less  abundant  contain  numbers  of  spores  whose  palaeo- 
botanical  affinities  are  with  the  schizaeaceous  fern  genus  Senftenbergia.  Thus  Convohiti- 
spora  twnulosa  sp.  nov.  Raistrickia  saetosa  (Loose)  Schopf,  Wilson,  and  Bentall  and 


TABLE  3.  Abundance  of  Lycospora  spp.  in  coals  and  associated  sediments. 


Seam 

Seat-earth 

Bottom 
of  Seam 

Top 

of  Seam 

Roof  Measures 

Shafton 

percentage  abundance 
69  62 

85 

8 

percentage  abundance 
30  11  37  18*  40 

Beamshaw 

83 

38 

Barnsley 

85  87  83  7 8 

86 

71 

58 

Swallow  Wood 

37  29 

38 

44 

59 

Swallow  Wood 

15  47 

27 

32 

60 

Flockton  Thick 

47 

69 

54 

44. 

Silkstone 

91 

95 

Top  Beeston 

95 

95 

Pot  Clay 

67 

63 

78 

Inferior  coal* 


Savitrisporites  mix  (Butterworth  and  Williams)  Sullivan  account  for  20  per  cent,  of  the 
assemblages  from  seat-earth  B at  Elsecar  Main  Colliery  and  from  5 to  7 per  cent,  of  the 
assemblages  from  the  other  samples  of  seat-earth  from  this  seam. 

ECOLOGICAL  SIGNIFICANCE  OF  RESULTS 
Seat-earths  and  associated  coals 

Existing  theories  concerning  the  formation  of  seat-earths  are  based  on  general  geo- 
logical considerations  and  particularly  on  the  mineralogical  evidence.  These  theories 
are  considered  by  Beerbower  (1961)  and  Huddle  and  Patterson  (1961),  who  favour  the 
view  that  seat-earths  were  probably  waterlogged  prior  to  diagenesis  and  do  not  represent 
terrestrial  soils  subject  to  long  periods  of  subaerial  weathering.  The  presence  of  spores 
in  seat-earths  does  not  support  either  view,  since  spores  can  be  preserved  in  waterlogged 
and  drained  acid  soils  in  temperate  or  tropical  latitudes  for  thousands  of  years  (Dimbleby 
1961),  and  probably  indefinitely  if  such  soils  were  subsequently  covered  by  peat. 
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It  may  be  possible  to  deduce  something  of  the  environment  of  seat-earth  formation 
from  the  spore  data  if  it  is  possible  to  discriminate  between  the  sources  which  probably 
contributed  to  the  spore  assemblages. 

The  spores  which  were  distributed  along  with  the  mineral  sediment  before  the 
estabUshment  of  vegetation  on  these  deposits  have  an  allochthonous  origin.  As  plants 
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TEXT-FIG.  1.  Abundance  of  certain  genera  in  seat-earths,  roof  measures,  and  associated  coals  of  some 

Yorkshire  seams. 


began  to  colonize  these  sediments  the  autochthonous  element  would  become  pro- 
gressively more  important.  The  extent  to  which  this  latter  element  is  represented  in  the 
assemblages  would  be  related  to  the  amount  of  mineral  sediment  that  continued  to  be 
deposited  after  plants  began  to  grow.  It  is  hkely  that  the  proportion  of  the  assemblage 
attributable  to  the  wind-borne  element  would  also  have  become  much  smaller  once 
plant  cover  had  developed,  to  judge  by  the  small  extent  to  which  present-day  surface 
samples  are  influenced  by  nearby  vegetation  types.  For  discussion  of  the  literature  on 
this  aspect  reference  should  be  made  to  Dimbleby  (1961). 

The  allochthonous  element  probably  had  the  following  sources : 

1 . The  vegetation  of  the  uplands  or  regions  marginal  to  the  basin  of  deposition.  Very 
little  is  known  of  the  detailed  composition  of  these  floras. 

2.  The  vegetation  of  peat  bogs  within  the  area  of  deposition.  Except  during  periods  of 
major  marine  transgression,  peat  formation  was  probably  taking  place  contempo- 
raneously with  the  deposition  of  clastic  sediment. 

3.  Older  organic  or  inorganic  deposits  which  were  being  eroded. 

It  is  possible  that  the  allochthonous  spores  and  the  sediments  could  have  been  derived 
from  different  source  areas.  The  contribution  from  any  one  source  would  depend  on  the 
strength  and  direction  of  wind  and  water  currents  from  that  quarter  (Muller  1959). 
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TEXT-FIG.  2.  Abundance  of  certain  genera  and  species  in  seat-earths,  roof  measures,  and  associated 

coals  of  some  Yorkshire  seams. 
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TEXT-FIG.  3.  Abundance  of  certain  genera  and  species  in  seat-earths,  roof  measures,  and  associated 

measures  of  some  Yorkshire  seams. 
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During  deposition  of  mineral  sediments  the  contributions  of  the  spores  from  the  different 
sources  is  likely,  therefore,  to  vary. 

The  work  of  Sullivan  (1962)  suggests  that  sources  (2)  and  possibly  (3)  made  the 
biggest  contribution  to  assemblages  of  non-marine  shales.  The  phase  of  peat  bog 
development  (Smith  1962)  in  the  source  areas  would  largely  determine  the  qualitative 
composition  of  the  assemblage.  This  perhaps  explains  why  in  the  non-marine  shales 
examined  by  Sullivan  the  proportion  of  the  common  species  varied  considerably.  It  does 
not  account  for  the  unusually  high  proportions  of  certain  species  which  are  normally 
rare  constituents  of  the  assemblages  of  coal  seams.  The  possibility  that  some  species  were 
preferentially  preserved  in  certain  environments  cannot  be  excluded.  Any  downward 
water  movement  through  the  seat-earths  after  their  deposition  would  tend  to  transport 
the  spores  from  the  upper  layers  into  the  lower  layers  of  the  seat-earths,  thereby  masking 
the  residual  spore  assemblage,  that  is,  the  assemblage  incorporated  during  the  early  stages 
of  deposition.  The  extent  to  which  this  happened  cannot  be  determined  from  the  avail- 
able data,  owing  to  limitations  imposed  by  sampling,  which  did  not  extend  into  the  lower 
layers  of  the  seat-earths  or  the  sediments  below.  From  the  study  of  recent  soil  profiles 
it  is  known  that  there  is  a downward  movement  of  pollen  grains  under  the  influence  of 
percolating  water  but  that  the  process  is  very  slow.  The  distribution  curve  of  each  species 
in  suitable  recent  soil  profiles  assumes  a characteristic  form  according  to  the  length  of 
time  the  pollen  grains  have  been  in  the  soil  (Dimbleby  1957,  p.  27).  The  greatest  con- 
centration of  pollen  grains  is  generally  near  the  surface  and  this  is  true  of  the  spores  in 
seat-earths.  However,  it  is  doubtful  whether  such  a movement  would  take  place  in 
permanently  waterlogged  soils  (Dimbleby,  pers.  comm.). 

If  it  is  assumed  that  plants  were  growing  on  seat-earths  before  the  formation  of  peat, 
although  the  spores  provide  no  evidence  of  this,  it  may  be  inferred  from  the  spores  that 
the  vegetation  mainly  comprised  arborescent  lycopods.  Only  if  peat  formation  followed 
immediately  on  the  colonization  of  the  seat-earths  by  plants  is  it  necessary  to  postulate 
that  the  bulk  of  the  lycospores  in  their  upper  layers  were  derived  from  peat  vegetation 
which  had  already  begun  to  form  in  the  neighbourhood.  Very  little  can  be  inferred  from 
the  presence  of  rootlets  in  seat-earths.  Their  presence  in  some  cases  through  a con- 
siderable thickness  of  sediment  could  have  resulted  from  the  burying  of  successive 
generations  of  stigmarian  rootlets.  On  the  other  hand  they  could  include  the  roots  of 
rhizomes  of  other  plants  which  grew  downwards  rather  than  horizontally  but  which 
were  established  for  a relatively  short  period. 

It  is  interesting  to  compare  the  occurrence  of  certain  other  spore  species  which  con- 
stitute the  seat-earth  assemblages  with  their  occurrence  in  coal. 

Laevigatosporites  Ibrahim  is  a genus  which  occurs  in  small  numbers  in  the  assemblages 
of  seat-earths  and  bottom  coals  but  generally  becomes  prominent  in  coal  seams  at  a later 
stage  in  their  development  (Smith  1962).  The  occurrence  of  this  species  contrasts  with 
that  of  Densosporites  sphaerotriangularis  Kosanke,  which  occurs  consistently  in  small 
numbers  in  seat-earth  assemblages  but  is  not  common  in  the  assemblages  of  the  bottom 
coals,  although  generally  it  becomes  numerically  important  in  the  middle  or  upper  por- 
tions of  coal  seams  (Smith  1962).  This  may  result  from  a preference  of  the  parent  plants 
for  certain  types  of  environment  but  it  may  indicate  a different  source  for  the  spore. 
Kremp  (1952)  has  suggested  that  Densospores  of  this  type  are  an  allochthonous  element 
in  coal  seams  although  Smith  (1957)  does  not  support  this  view.  It  is,  however,  quite 
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probable  that  a peat  bog  at  the  appropriate  stage  of  development  was  the  source  of  this 
spore  in  small  numbers  in  the  seat-earths. 

Other  genera  such  as  Crassispora  Bharadwaj,  Florinites  Schopf,  Wilson,  and  Bentall, 
and  Pimclatosporites  Ibrahim,  which  occur  commonly  in  seat-earths,  are  associated  in 
coal  seams  with  the  occurrence  of  allochthonous  petrographic  constituents  (Smith  1962). 
These  species  may,  therefore,  sometimes  occur  in  numbers  in  the  bottom  coals.  It  is 
probably  valid  to  make  a distinction  between  Florinites,  which  occurs  in  relatively  small 
numbers,  and  the  other  two  genera,  which  are  more  abundant  in  seat-earths  and  certain 
types  of  coal.  Florinites  may  represent  a wind- or  water-borne  element  in  both  coals  and 
seat-earths,  since  Neves  (1958,  1961 ) found  it  abundantly  represented  in  marine  deposits. 
A marine  incursion  would  probably  eliminate  the  swamp-peat  vegetation  as  a source  of 
this  genus,  which  was  more  likely  derived  from  the  vegetation  growing  on  the  higher 
ground  (Chaloner  1958). 

It  is  possible  that  Crassispora  and  Punctatosporites  are  autochthonous  elements  in 
the  assemblages  of  seat-earths  and  coals  but  their  occurrence  in  a certain  type  of  peat- 
swamp  environment,  in  which  the  allochthonous  Florinites  is  deposited,  is  due  to  a pre- 
ference for  this  environment  by  their  parent  plant.  Possibly  this  particular  peat-swamp 
environment  shared  some  features  in  common  with  that  of  the  seat-earths. 

The  allochthonous  element  of  seat-earths,  therefore,  comprised  spores  from  the  vegeta- 
tion of  lowland  peat  swamps  (Densosporites  sphaerotriangiilaris)  and  of  upland  regions 
{Florinites).  These  spores  were  mainly  water-borne  and  were  deposited  along  with  mineral 
sediment.  As  the  vegetation  became  established  on  the  seat-earth  and  peat  began  to  accu- 
mulate the  contribution  from  the  water-borne  element  to  the  assemblage  would  diminish, 
but  flood  waters  would  introduce  such  spores  occasionally  as  an  element  of  the  peat- 
swamp  assemblage. 

There  is  another  element  in  seat-earth  assemblages,  represented  by  the  spores  de- 
scribed in  this  paper  which  are  normally  rare  in  assemblages  from  autochthonous  coal 
seams.  These  species  may  represent  plants  more  or  less  restricted  to  the  seat-earth 
vegetation.  Had  they  originated  from  plants  growing  outside  the  basin  of  deposition  it  is 
likely  that  they  would  occur  in  those  parts  of  seams  containing  allochthonous  petro- 
graphic constituents  including  spores  (Smith  1962). 

There  do  not  appear  to  be  any  common  species  in  coal  seams  which  are  not  represented 
in  seat-earth  assemblages,  although  some  of  the  less  common  species  found  in  coals  have 
not  so  far  been  recorded  from  the  seat-earths. 

The  present  investigation  has  shown  no  evidence  for  the  existence  on  the  seat-earths 
of  a distinctive  type  of  vegetation  differing  markedly  in  composition  from  that  which 
formed  the  initial  peat  layers.  It  can  be  inferred  from  this  that  the  edaphic  conditions 
were  not  those  of  a well-drained,  terrestrial  soil.  The  evidence  suggests  that  as  peat  began 
to  accumulate  the  vegetation  of  the  seat-earths  persisted  more  or  less  unchanged,  except 
for  slight  changes  in  the  relative  proportions  of  the  different  genera  and  species  and  for 
the  elimination  of  a few  species  unable  to  survive  in  the  more  specialized  environment  of 
a peat  bog  or  in  competition  with  the  more  successful  arborescent  forms. 

It  is  also  unlikely  that  the  seat-earths  were  covered  by  any  depth  of  stagnant  water  for 
long  periods  except  in  those  rare  instances  where  cannel  coal  occurs  now  at  the  bases  of 
coal  seams.  Maurenbrecker  (1944,  p.  90)  records  an  example  of  such  an  occurrence  and 
it  is  significant  that  in  this  case  a seat-earth  was  not  developed  beneath  the  cannel. 

X x 
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Roof  measures  and  associated  coals 

The  spores  comprising  the  assemblages  of  roof  measures  were  probably  partly  auto- 
chthonous and  partly  allochthonous.  The  autochthonous  element  was  probably  derived 
from  the  vegetation  growing  in  situ,  rooted  in  the  peat  but  becoming  gradually  buried  in 
mineral  sediment.  The  allochthonous  spores  were  probably  from  the  same  sources  as 
listed  under  seat-earths. 

As  with  the  seat-earth  assemblages,  the  proportion  of  the  allochthonous  species  should 
increase  with  distance  from  the  coal  seam  but  there  is  no  evidence  of  this  in  the  one 
instance  where  successive  samples  were  available  for  comparison. 

The  miospore  assemblages  in  the  roof  measures  immediately  adjacent  to  the  coals  do 
not  differ  significantly  from  those  of  the  seat-earths.  The  species  comprising  these  roof 
assemblages  are  those  found  in  coal  seams  although  certain  species  may  be  more  abun- 
dant in  the  roof  measures  than  in  the  coals  immediately  in  association.  This  is  generally 
true  of  the  dominant  Lycospora  spp.  as  well  as  in  some  instances  of  Laevigatosporites, 
Densosporites  sphaerotriangularis,  Dictyotriletes  bireticulatus,  and  Florinites.  It  is  also 
interesting  to  note  that  the  proportions  of  species  of  Lycospora  often  differ  in  the  coals 
at  the  top  of  seams  and  in  the  adjacent  measures. 

Whilst  these  species,  with  the  exception  of  Florinites,  may  have  originated  from  peat 
vegetation  still  forming  somewhere  within  the  basin  of  deposition,  it  is  possible  that  they 
were  derived  from  vegetation  still  growing  in  situ.  There  is  ample  evidence  in  the  roof 
measures  of  many  seams  of  trunks  of  arborescent  lycopods  in  position  of  growth  with 
their  stigmaria  spreading  out  above  the  peat  surface.  Such  an  environment  probably 
resembled  that  of  the  seat-earths  just  prior  to  peat  formation. 

Florinites,  it  has  been  suggested,  probably  represents  an  allochthonous  element. 
Apart  from  the  high  proportion  of  this  genus  in  the  roof  measures  of  the  Shafton  seam, 
there  is  no  evidence  that  the  numbers  are  significantly  different  in  seat-earths  and  roof 
measures,  which  may  perhaps  indicate  that  the  composition  of  the  upland  floras  had  not 
changed  during  the  deposition  of  the  coal  seams. 

The  numbers  of  other  species  such  as  Crassispora  kosankei  remain  relatively  un- 
changed in  the  coals  at  the  top  of  the  seams  and  in  the  associated  measures ; high  num- 
bers in  the  coals  corresponding  to  high  numbers  in  the  sediments. 

One  of  the  more  ubiquitous  species,  Punctatosporites  niinutus  Ibrahim,  appears  to  be 
less  abundant  in  all  the  roof  measures  than  in  the  associated  coals. 

CONCLUSIONS 

These  preliminary  investigations  have  shown  that  those  portions  of  seat-earths  and 
roof  measures  immediately  adjacent  to  seams  contain  abundant  spores.  The  assemblages 
are  often  richer  in  numbers  of  species  than  those  from  the  associated  coals ; most  of  the 
species  being  those  from  the  different  phases  of  peat  development.  It  is  not  known  how 
far  these  assemblages  extend  into  the  cyclothem,  nor  what  relationship  there  may  be 
between  lithology  and  the  composition  of  the  assemblages. 

The  fact  that  the  stratigraphic  index  spores  occur  in  seat-earths  and  roof  measures 
together  with  species  rare  in  the  coal  seams  gives  their  assemblages  potential  value  for 
the  solution  of  correlation  problems.  The  assemblages  from  seat-earths  are  particularly 
important  in  those  instances  where  the  associated  coal  is  lacking.  This  conclusion  pre- 
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supposes  that  the  assemblages  in  such  seat-earths  have  similar  floristic  features  to  those 
overlain  by  coal. 
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APPENDIX.  SOURCE, 

DESIGNATION,  AND  DETAILS  OF  SAMPLES 
Thickness 

Source  and  designation 

of  sample 

Ash 

(in  stratigraphic  order) 

(in.) 

Description 

{per  cent. 

Shafton  Seam 
(Dearne  Valley  Colliery) 

Roof  E 

Mudstone  (5) 

89 

„ D 

3-5 

Inferior  bright  coal  of  canneloid  appearance 

26 

„ c 

19J 

Shaly  seat-earth  (5/6) 

84 

„ B 

3 

Shale  (3) 

73 

„ A 

5 

Mudstone  (3/4) 

74 

Top  of  seam 

1 

Bright  coal 

5 

Bottom  of  seam 

1 

Bright  coal 

4 

Floor  A 

3 

4 

Seat-earth  with  thin  (<  ^in.)  vitrain  bands  (4) 

71 

„ B 

2 

Seat-earth  (5/6) 

Both  Floor  A and  B are  silty  and  slickensided 
with  rootlets;  their  junction  is  irregular. 

91 

Beamshaw  Seam 

(Askern  Main  Colliery) 

Bottom  of  seam 

10| 

4 in.  dull  and  bright  coal  above  6k  in.  mainly 
bright  coal 

3 

Floor 

Seat-earth  (4) 

78 

Barnsley  Seam 

(Yorkshire  Main  Colliery) 

Roof 

Shaly  siltstone  (3) 

82 

Top  of  seam 

9* 

Bright  coal  with  two  4 in.  dull  bands 

4 

Bottom  of  seam 

4 

Bright  coal 

6 

Floor  A 

I 

Coaly  shale  (4) 

69 

„ B 

1*  f 

Coaly  shale  with  vitrain  bands  (2) 

62 

„ c 

H i 

increasingly  coaly  upwards  (2) 

69 

D 

3 

4 

Slickensided  shale  (4/5) 

73 
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Thickness 

Source  and  designation  of  sample  Ash 

{in  stratigraphic  order)  (in.)  Description  {per  cent.) 

Swallow  Wood  Seam 
(Cadeby  Main  Colliery) 

Roof 

Top  of  seam 
Bottom  of  seam 
Floor  A 
„ B 

Swallow  Wood  Seam 
(Elsecar  Main  Colliery) 

Roof 

Top  of  seam 
Bottom  of  seam 
Floor  A 


Flockton  Thick  Seam 
(Glass  Houghton  Colliery) 
Roof 

Top  of  seam 

Bottom  of  seam 
Floor 

Silkstone  Seam 
(Elsecar  Main  Colliery) 
Bottom  of  seam 
Floor 

Top  Beeston  Seam 
(Kellingley  Colliery) 


Bottom  of  seam 

2 

Bright  coal  with  dirty  streaks  in  lower  part 

16 

Floor 

4 

Seat-earth  with  vitrain  streaks  (4) 

77 

Pot  Clay  Seam 

(Outcrop  at  Midhopestones) 

Roof 

5 

Non-marine  shale  (1) 

56 

Coal  (whole  seam) 

8 

Inferior  bright  coal 

32 

Floor 

18 

Seat-earth  (4/5) 

79 

Figures  in  brackets  refer  to  colours  of  Geological  Society  of  America,  Rock  Color  Chart  (1951)  (1  corresponds 

to  Black,  10  to  White). 


Mudstone  with  occasional  mussel  bands  (2)  78 

1|-  Inferior  bright  coal  with  plant  remains  and 

small  mussels  in  two  shale  partings  23 

1 Mainly  bright  coal  13 

Seat-earth  (7)  90 


Bright  coal 

Slickensided  seat-earth  (2) 


6 

73 


Mudstone,  some  mussels  (4)  84 

3|-  Interbanded,  mainly  bright  coal  with  shaly 

partings  14 

Mainly  bright  coal  with  pyritized  fusain; 

bottom  0-|  in.  shaly  9 

2-  Seat-earth  with  plant  structures  on  upper  sur- 
face (4/5)  73 

Seat-earth  (7)  90 


Shale,  some  mussels  (4) 

85 

2 

Bright  coal 

3 

1 

Inferior  bright  coal 

26 

n 

Coaly  seat-earth  (1) 

57 

Seat-earth  (6/7) 

89 

ODONTOMA  IN  A NORTHERN  MAMMOTH 


by  H.  A.  HUNTER  and  wann  langston,  jr. 


Abstract.  A fossil  odontoma  presumably  derived  from  Manvnuthus  primigenius  has  been  collected  from  late 
Pleistocene  deposits  in  the  Yukon  Territory,  Canada.  Odontomas  are  not  as  commonly  recognized  as  some 
other  pathological  conditions  in  extinct  vertebrates,  but  the  majority  of  undoubted  cases  reported  are  from 
Pleistocene  proboscideans  of  North  America  and  Asia.  Some  reports  in  other  mammalian  orders  from  other 
regions  may  be  questioned.  Owing  to  a very  inadequate  record  no  correlations  can  yet  be  shown  between  the 
incidence  of  odontoma  and  possible  environmental  causative  factors,  either  in  living  or  extinct  vertebrates.  The 
distribution  of  odontomas  in  living  animals  (mammals  and  teleost  fishes)  suggests  that  the  lesions  probably  occur 
more  often  in  the  fossil  record  than  existing  reports  suggest. 

Odontomas  are  a loosely  knit  group  of  lesions  that  have,  as  a common  factor,  their 
origin  from  cellular  tissues  related  to  tooth  formation.  They  all  exhibit  degrees  of  over- 
growth, but,  whereas  some  are  true  neoplasms  in  the  fullest  sense  of  the  word,  others  are 
really  hamartomas  representing  a faulty  overgrowth  of  tissues  that  belong  naturally  in  a 
given  area  and  hence  have  a limited  growth  potential.  There  are  both  soft  (uncalcified) 
and  hard  (calcified)  forms.  The  former,  if  it  occurs,  is  not  hkely  to  be  recognized  in  fossil 
state.  The  latter  is  the  group  that  interests  the  paleo-pathologist.  It  contains  three  forms 
mostly  likely  to  appear  as  fossils;  viz.  cementoma,  complex  composite  odontoma,  and 
compound  composite  odontoma.  For  a more  detailed  classification  the  reader  should 
consult  Gorlin  et  al.  (1961). 

The  composite  odontomas  are  composite  in  the  sense  that  they  contain  mature 
enamel,  dentine,  and  cementum  and  are  further  subdivided  on  the  basis  that  in  one,  the 
complex  form,  the  specimen  is  a single  mass,  while  the  compound  form  occurs  as  an 
aggregation  of  discrete,  calcified  particles  numbering,  at  times,  into  the  hundreds. 
Although  these  lesions  are  not  uncommon  in  man  they  are  noted  only  occasionally  in 
other  mammals.  A few  examples  have  been  reported  in  Pleistocene  mammals  (see 
Table  1),  but  recognition  of  odontomas  in  the  fossil  record  is  much  less  frequent  than 
some  other  pathological  conditions. 

A small  collection  of  Pleistocene  vertebrate  remains  recently  collected  in  the  Yukon 
Territory  contains  a large,  irregular,  caulifiower-shaped  object  which  is  identified  as 
a complex  composite  odontoma.  The  large  size  of  the  specimen  and  the  occasional 
presence  of  structures  suggesting  the  layering  of  mammoth  ridge-plates  (cheirolites) 
leaves  no  doubt  that  it  was  derived  from  a proboscidean.  Its  association  in  the  field  with 
normal  teeth  and  bones  of  Mammuthus  primigenius  suggests  that  it  is  attributable  to  the 
Northern  mammoth.  Although  not  unique,  this  specimen  is  interesting  as  an  example 
of  an  unusual,  diagnosable  pathological  condition  in  an  extinct  animal. 

Occurrence.  The  specimen  (National  Museum  of  Canada  No.  9927)  was  collected  by 
Messrs.  George  Fant  and  Ivor  Norbeck,  and  submitted  by  O.  L.  Hughes  of  the  Geo- 
logical Survey  of  Canada.  It  was  picked  up  in  the  talus  at  the  bottom  of  a steep  face 
at  the  Fant  and  Norbeck  placer  pit,  left  limit  of  Hunker  Creek,  between  Too  Much  Gold 
and  Gold  Bottom  Creeks,  Klondike  District,  Y.T.  (65°  58'  N.,  138°  58'  W.).  The  area  is 
unglaciated,  and  the  sediments,  though  generally  frozen,  are  unconsolidated. 

(Palaeontology,  Vol.  7,  Part  4,  1964,  pp.  674-81,  pis.  100-101.] 
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Stratigraphic  relationships  at  this  locality  are  summarized  in  the  accompanying  diagram 
(text-fig.  1)  whieh  is  adapted  from  field  notes  of  O.L.  Hughes  (1960).  Of  the  occurrence 
Hughes  states  (pers.  eomm.):  ‘Although  the  mammal  bones  at  this  locality  appear  to 
be  derived  from  Unit  3 of  the  sketehed  section,  bones  are  found  elsewhere  along  Hunker 
Creek  in  a unit  correlated  with  Unit  2.  There  is  a strong  possibility  that  bones  and  other 
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- 35 

- 30 

- 25 

- 20 
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- 10 
- 5 


- 0 

bedrock  “ 

TEXT-FIG.  1.  Schematic  diagram  of  the  stratigraphy  at  the  Fant  and  Norbeck  placer  pit,  Klondike 
District,  Y.T.  The  mammoth  odontoma  and  other  Pleistocene  mammal  bones  were  discovered  in 
talus  at  bottom  of  section.  (1)  auriferous  gravel,  (2)  organic  silt,  (3)  silty  gravel  with  Equiis  lambei, 
(4)  organic  silt,  (5)  silty  peat  with  abundant  wood,  (6)  silty  peat  with  little  wood.  Compiled  from  data 

provided  by  O.  L.  Hughes,  1962. 

remains  found  in  Unit  3 were  concentrated  during  a minor  erosional  cycle  from  Unit  2. 
Locally,  where  Unit  2 is  lacking  (eroded?),  mammal  bones  are  concentrated  at  the  top 
of  Unit  1 and  overlain  by  silt  and  peat  equivalent  to  Units  4,  5,  and  6.’ 

A radiocarbon  date  of  9510±220  years  BP  has  been  obtained  from  peat  in  the  frozen 
silts  above  the  bone-bearing  gravel  of  Unit  3 (I  (GSC)-196)  and  spruce  wood  from  Unit  2 
at  this  locality  is  more  than  35,000  years  old  (I  (GSC)-181).  Thus  the  bones,  if  derived 
from  Unit  3,  are  no  younger  than  late  Pleistocene.  Associated  in  the  talus  with  the  odon- 
toma and  other  remains  of  Mammuthus  primigenius  were  horn  cores  and  postcranial 
elements  of  several  individuals  of  Bison  cf.  B.  crassicornis.  A well-preserved  skull  and 
jaws  apparently  referable  to  Ecjuus  lambei  were  found  in  situ  in  Unit  3.  These  species 
are  characteristic  of  the  latest,  Wisconsin,  glacial  stage  in  north-western  North  America. 
The  fact  that  the  horse  skull  and  luandible  occurred  together  and  show  no  effects  of 
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transportation  in  association  with  high-energy  clastic  sediments  indicates  that  this 
specimen  at  least  had  not  been  reworked  from  an  earlier  deposit  (barring  the  possibility 
that  part  of  a frozen  carcass  might  have  been  involved).  It  seems  likely  therefore  that 
some,  if  not  all  of  the  fossils  are  of  very  late  Pleistocene  age,  probably  closer  to  9,500 
years  old  than  35,000.  Perhaps  the  odontoma  is  one  of  these. 

Description.  The  gross  specimen  (PI.  101,  fig.  1)  consists  of  a single,  hard  mass  approxi- 
mately twice  as  broad  as  it  is  thick,  weighing  10T9  kg.  (22-47  lb.).  Its  dimensional  mea- 
surements are  31  x27|x  17|  cm.  The  surface  is  coarsely  nodular,  the  nodules,  in  turn, 
being  aggregated  into  large  irregular  lobular  masses.  Closer  examination  of  the  surface 
does  not  reveal  any  obvious  broken  facet,  which  supports  the  belief  that  the  specimen  is 
whole.  The  finer  details  of  the  surface,  allowing  for  the  weathering  effect  of  thousands 
of  years,  shows  a rough  and  crevassed  appearance.  Differences  in  surface  texture  are 
apparent  by  scratching.  There  are  small  areas  up  to  3 mm.  that  have  a glass-like  hardness 
(enamel),  and  two  other  substances  of  lesser  hardness  that  later  proved  to  be  dentine  and 
cementum.  The  external  surface  was  similar  to  that  of  known  odontomas. 

Plate  100  is  an  X-ray  of  the  whole  specimen.  The  thickness  of  the  specimen  prevents 
any  clear  details,  but  one  can  see  the  coarse  lobular  pattern  throughout. 

Following  the  external  examination  the  specimen  was  sawn  in  half  and  the  cut  surface 
polished.  It  appears  to  be  a hodge-podge  of  the  three  calcified  tissues  interspersed  with 
narrow  spaces  originally  occupied  by  pulp  and  fibrous  connective  tissues  (PI.  101,  fig.  2). 

For  purposes  of  microscopic  study,  ground  sections,  approximately  75-100  microns 
thick,  were  prepared  from  small  samples  cut  from  the  main  mass.  The  entire  specimen 
is  a conglomeration  of  islands  of  enamel  and  dentine  together  with  masses  of  cellular 
cementum  (PI.  101,  figs.  3,  4).  Quantitatively,  enamel  is  the  least  frequent  component, 
constituting  less  than  5 per  cent.,  while  dentine  and  cementum  appear  about  equal  in 
amounts.  There  are  very  few  soft  tissue  spaces  to  be  seen  within  the  mass,  they  being 
merely  microscopic  ‘pulpal’  tracts  in  the  centres  of  the  dentine  areas,  or  minute  spaces 
between  some  of  the  calcified  nodules.  In  studying  these  spaces  for  remains  of  soft  tissue, 
pieces  of  the  specimen  were  hydrated  in  normal  saline  solution,  but  subsequent  micro- 
scopic examination  failed  to  reveal  any  trace  of  cellular  detail. 

The  three  constituent  calcified  tissues — enamel,  dentine,  and  cementum — appeared 
histologically  normal  in  ground  sections;  the  dentine,  in  places,  showing  well-defined 
incremental  lines. 

The  histological  pattern  of  the  whole  lesion  is  typically  that  of  a complex  composite 
odontoma. 


ODONTOMAS  IN  THE  FOSSIL  RECORD 

Although  pathological  conditions  among  fossil  vertebrates  have  been  widely  noted, 
most  reports  are  based  on  bone  abnormalities.  Only  ten  fossil  odontomas,  all  of  Pleisto- 
cene age,  are  known  to  us.  Of  these  no  more  than  four  cases  are  considered  confirmed. 
This  fossil  record  is  summarized  in  the  following  table. 


EXPLANATION  OF  PLATE  100  (opposite  p.  662) 

Fig.  5.  Odontoma  in  a Northern  Mammoth.  X-ray  of  the  gross  specimen  (National  Museum  of 
Canada  No.  9927).  Taken  on  DuPont  Detail  GA  Screen  film  at  120Kv.  and  lOOMa.  for  secs. 


HUNTER  AND  LANGSTON;  ODONTOMA  IN  A NORTHERN  MAMMOTH  677 


TABLE  1.  Fossil  odontomas. 


Species 

Diagnosis 

Locality 

Reference 

Mammiithus  primigenius 

Complex  composite 
odontoma 

Yukon  Territory, 
Canada 

This  paper 

‘ Elephas  mammouteus  ’ 

Simple  odontoma 

China 

Takai,  1939 

Palaeoloxodon  namadiciis 

Compound  odontoma 

Japan 

Tokunaga  and 
Takai,  1937 

P.  namadicus  uaitmanni 

Composite  odontoma 

Japan 

Takai,  1939 

Mammiithus  imperator 

? Odontoma 

Oklahoma 

Stovall  and 
Johnston,  1934 

M.  trogoiitherii 

? Compound  odontoma 

France 

Pontier,  1930 

Elephant 

? Odontoma 

Europe 

Pales,  1930 

Bovid 

? Odontoma 

Europe 

Eqiiiis  ciirvideiis 

? Odontoma 

Argentina 

Cabrera,  1934 

Macraiicheiiia  patachoiiica 

? Odontoma 

” 

That  seven  proboseidean  odontomas  are  included  is  probably  owing  to  the  huge  size 
that  the  lesions  sometimes  attain  in  these  animals  (the  Yukon  specimen  is  twice  as  large 
as  the  largest  normal  M.  primigenim  molar  in  the  National  Museum  of  Canada  collec- 
tions). 

The  simple  {sic)  odontoma  from  China  is  irregularly  pyramidal  in  form  and  about 
T5  times  as  wide  as  a normal  mammoth  molar.  It  is  supposed  to  represent  a lower  tooth. 
Arrangement  of  dentine,  enamel,  and  cementum  is  said  to  be  normal,  but  the  cut  section 
reveals  an  almost  complete  absence  of  organized  cheirolites ; numerous  elongate,  vertical 
tubules  of  dentine  surrounded  by  thick  plicated  enamel  were  present  instead.  Ridges 
and  grooves  seen  in  lateral  aspect  suggest  normal  cheirolites,  but  these  merely  reflect 
serial  arrangement  of  some  of  the  tubules.  The  entire  specimen  seems  to  be  enclosed  in 
cementum  and  there  is  no  indication  of  wear. 

The  compound  odontoma  described  by  Tokunaga  and  Takai  was  dredged  from  the  sea 
bottom  near  the  island  of  Kotuti.  This  lesion  involved  the  first  and  second  lower  right 
molars.  The  specimen  is  retained  in  the  mandibular  ramus  which  has  undergone  con- 
siderable hypertrophy  in  the  vicinity  of  the  lesion.  Although  greatly  contorted  the  basic 
organization  of  elephantine  molars  is  recognizable.  Interestingly,  this  odontoma  evi- 
dently functioned  as  a molar — its  upper  surface  contains  a broad  concavity  produced 
by  grinding,  and  the  third  molar  which  is  normal  in  shape,  size,  and  position  in  the  jaw 
has  not  yet  come  into  use.  This  lesion  is  closely  related  to  the  complex  odontoma,  but 
differs  in  being  a little  more  mature  in  terms  of  morpho-differentiation. 

The  second  Japanese  odontoma  was  recognized  by  Takai  from  a description  and 
illustration  provided  by  Makiyama  (1938).  This  is  a composite  lesion  apparently  derived 
from  the  second  and  third  lower  molars.  Several  normally  arranged  but  much  compressed 
cheirolites  form  a tooth-like  mass  which  is  attached  by  complicated  cheirolite-like  struc- 
tures to  the  lingual  side  of  the  otherwise  normal  third  molar  anteriorly.  The  angle 
between  the  two  is  about  90  degrees.  It  is  not  clear  whether  the  odontoma  should  be 
regarded  as  part  of  the  third  molar  or  as  a neoplasm  fused  to  it.  Makiyama  believed  it 
to  represent  the  second  molar.  As  in  the  preceding  case  this  odontoma  functioned  as  a 
tooth.  Its  occlusal  surface  is  faceted  by  wear  and  is  continuous  with  the  grinding  surface 
of  the  normal  tooth  behind.  Tips  of  the  cheirolites  are  worn.  A further  interpretation 
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is  that  it  might  be  a complex  odontoma  fused  to  a normal  third  molar  by  cementum  as 
a form  of  concrescence. 

The  specimen  from  the  Yukon  is  larger  by  far  than  any  of  these  oriental  examples. 
Its  morpho-dilTerentiation  is  less  mature  since  only  the  slightest  suggestion  of  elephan- 
tine dental  organization  can  be  seen  in  the  cut  sections.  There  is  no  trace  of  wear  and  it 
appears  certain  that  this  odontoma  never  participated  in  mastication.  A piece  of  normal 
spongy  bone  was  ‘trapped’  by  growth  of  some  of  the  irregular  papillary  processes  and 
is  still  held  in  place  by  them  in  the  fossil.  Probably  therefore  the  lesion  was  enclosed  in 
bone,  but  whether  in  the  upper  or  lower  jaw  is  unknown. 

The  specimen  described  by  Stovall  and  Johnston  attracted  attention  because  of  the 
great  hypertrophy  of  the  alveolar  part  of  the  mandible,  which  is  reminiscent  of  the 
specimen  of  Palaeoloxodou  namadicus  figured  by  Tokunaga  and  Takai.  A seemingly 
normal  molar  was  functional  at  the  time  of  death.  However,  Stovall  and  Johnston  note 
what  they  believe  to  have  been  a fracture  of  the  molar  at  which  opposing  surfaces  of  the 
cheirolites  are  worn.  The  small  posterior  portion  of  the  tooth  is  deeply  buried  in  the 
alveolus  and  appears  to  lack  surficial  features  that  are  ordinarily  present  on  unerupted 
mammoth  teeth.  A wide  necrotic  sinus  occurs  posteromedially  in  the  wall  of  the  man- 
dible about  opposite  this  part  of  the  tooth.  It  is  possible  that  the  small  posterior  segment 
of  tooth  is  in  fact  an  odontoma. 

The  Pontier  specimen  is  thought  to  represent  a left  DMT  A molar  which  appears 
normal  in  other  respects  has  lightly  attached  to  its  roots  a ‘.  . . bourgeon  . . . forme 
d’une  serie  de  lames  legerement  incurvees  avec  sustentations  radiculaires  . . . implantee 
entre  le  groupe  de  racines  anterieures  et  le  talon  posterieur  de  la  dent  fonctionelle’.  The 
‘bourgeon’  has  two  talons  of  its  own  and  is  said  to  contain  not  more  than  three  ridge 
plates.  Whether  its  dental  components  show  a lack  of  organization  is  not  stated.  Pontier 
(pp.  3-4)  explains  this  anomaly  as  ‘ . . . une  pre  molaire,  reste  atavique  d’une  disposition 
existant  chez  les  ancetres  des  elephants’.  The  description  and  illustration  do  suggest  the 
possibility  of  an  odontoma,  but  it  is  not  impossible  that  this  may  be  a case  of  concrescence 
between  a supernumerary  tooth  and  one  of  the  normal  complement. 

The  elephant  specimen  reported  by  Pales  is  especially  interesting  because  it  was  housed 
loosely  in  a cavity  at  the  base  of  a tusk.  The  mass  is  ovoid  or  ellipsoidal  in  form  and  its 
surfaces  are  longitudinally  striated.  It  bears  no  resemblance  to  a normal  proboscidean 
molar,  but  the  surficial  markings  are  suggestive  of  the  configuration  of  the  bases  of  tusks. 
The  bovid  specimen  reported  by  the  same  author  is  a curious  excrescence  on  a tooth 
which  he  identified  as  an  odontoma.  But  Pales  adds  that  veterinarians  who  examined 


EXPLANATION  OF  PLATE  101 

Odontoma  in  a Northern  Mammoth.  1.  Gross  specimen  (National  Museum  of  Canada  No.  9927) 
showing  the  nodular  surface  and  absence  of  wear  facets.  The  opposite  side  is  essentially  similar. 
On  the  lower  right  side  are  a few  projections  slightly  suggestive  of  tooth  structure.  2.  Polished  cut 
surface  through  the  centre.  The  overall  lack  of  morpho-differentiation  is  apparent.  The  suggestive 
tooth  structures  are  here  seen  on  the  lower  left  side  of  the  picture.  Scale  in  inches.  3.  Photomicro- 
graph of  a ground  section  showing  a small  spicule  of  enamel  and  its  rod  structure.  The  surrounding 
tissue  is  cellular  cementum.  (Enamel  shows  numerous  artefact  fractures  produced  during  grinding.) 
X 35.  4.  Photomicrograph  of  a ground  section  showing  typical  dentinal  tubules  and  dentine  matrix 
surrounded  by  cellular  cementum.  X 35. 
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the  specimen  declined  to  make  a diagnosis  on  the  grounds  that  nothing  similar  had  been 
seen  in  living  animals. 

The  Equus  curvidens  specimen  reported  by  Cabrera  occurs  at  the  site  of  PMi  in  a very 
old  individual.  His  Macrauchenia  specimen  is  a worn  MT  Neither  specimen  is  comparable 
to  the  lesions  described  above  in  proboscideans,  and  the  descriptions  are  inadequate  to 
classify  them  with  any  certainty.  Cabrera,  however,  notes  similarities  to  a specimen 
figured  by  Moodie,  which  may  be  more  accurately  diagnosed  as  a cementoma. 

ODONTOMA  IN  RECENT  ANIMALS 

Odontomas,  to  judge  from  published  reports,  occur  less  commonly  in  other  mammals 
than  in  man  (we  are  aware  of  the  condition  among  the  lower  vertebrates  only  in  teleost 
fishes).  Gorlin  el  al.  (1959)  in  an  account  of  487  cases  of  oral  and  pharyngeal  pathosis  in 
domestic  animals  noted  only  five  instances  of  odontoma  and  teratoma  (3  canine,  1 
bovine,  1 ovine).  In  addition,  previously  recorded  cases  of  a complex  composite  lesion 
in  the  molar  region  of  a sheep  and  a compound  composite  odontoma  in  the  cuspid  area 
of  a dog  were  cited.  Hoogland  (1926)  reviews  the  literature  on  compound  odontomas  in 
horses  and  cattle,  and  Bullock  and  Curtis  (1930)  report  lesions  in  rats.  Colyer  (1936) 
reports  cases  in  a sheep  and  an  ox. 

Reports  of  odontomas  in  wild  animals  and  those  not  strongly  influenced  by  selective 
breeding  practices  are  relatively  less  frequent.  Pales  (1930)  reports  odontomas  in  mar- 
mots, a Canadian  porcupine,  and  elephants.  (The  upper  dentition  of  the  legendary 
African  circus  elephant  ‘Jumbo’  appears  to  contain  several  massive  odontomas.) 
Colyer  (1936)  cites  cases  in  the  Abyssinian  and  Cape  buffaloes,  a Tasmanian  Devil,  and 
a baboon.  However,  a supposed  odontoma  in  a whale  tooth  figured  by  Moodie  (1923, 
pi.  466)  is  apparently  a case  of  exostosis.  Soft  mixed  odontomas  (fibroblastomas)  are 
reported  in  salmon  by  Schlomberger  and  Katz  (1956)  who  also  note  previous  records 
of  odontomas  in  teleosts. 

A so-called  ‘temporal  odontoma’  occurs  (most  often)  in  horses.  This  form  is  atypical 
in  that  it  develops  outside  the  oral  cavity,  in  association  with  the  temporal  bones.  The 
lesions,  which  may  attain  the  size  of  a hen’s  egg,  consist  of  from  one  to  as  many  as  100 
small  imperfectly  formed  teeth  encapsulated  by  fibrous  tissue.  They  usually  erupt 
through  the  skin,  and  sometimes  affect  the  inner  ear  and  produce  brain  disturbances 
(Miller  and  West,  1962).  This  lesion — if  it  can  be  properly  termed  an  odontoma — has 
not  been  recognized  in  fossil  material. 

Among  domestic  animals  odontomas  seem  most  common  in  horses,  possibly  because 
these  animals  are  more  frequently  subjected  to  oral  examination  than  others,  an  obvious 
effect  of  the  ‘endearment  factor’  mentioned  by  Gorlin  et  al.  (1959). 

Few  useful  data  on  the  distribution  of  odontomas  in  living  animals  are  as  yet  avail- 
able. The  condition  seems  to  occur  wherever  mammals  are  to  be  found.  Odontomas 
are  present  in  both  wild  and  domestic  animals.  Their  relative  incidence  in  the  sexes 
has  not  been  studied.  No  correlation  between  the  incidence  of  odontomas  in  animals 
and  possible  external  stimuli  has  been  suggested,  but  Schlumberger  and  Katz  (1956)  sug- 
gest a possible  genetic  factor  in  the  fish  family  Salmonidae.  Taxa  in  several  orders  of 
mammals  are  subject  to  odontomas.  Whether  the  condition  is  actually  more  prevalent 
in  some  orders  cannot  be  determined  from  the  small  samples  so  far  reported. 
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CONCLUSIONS 

An  example  of  a complex  composite  odontoma  in  the  northern  mammoth  {Mammu- 
thus  primigenius)  has  been  recovered  from  late  Pleistocene  deposits  in  the  Yukon  Terri- 
tory, Canada. 

Fossil  odontomas  are  reported  from  north  and  south  latitudes  and  from  both  Hemi- 
spheres. Diagnoses  vary  from  the  strongly  suspect  to  unquestioned  cases.  Odontomas 
have  been  most  often  reported  in  proboscideans,  possibly  owing  to  bias  resulting  from 
large  size  of  the  specimens.  It  is  impossible  to  say  if  any  significance  should  be  attached 
to  the  fact  that  so  far  the  majority  of  cases  among  these  animals  are  from  north-western 
North  America  and  north-eastern  Asia — regions  that  experienced  some  degree  of  faunal 
interchange  at  about  the  time  when  the  animals  in  question  were  living. 

Non-human  odontomas,  both  recent  and  fossil,  are  most  often  reported  in  animals 
with  hypsodont  dentitions.  What,  if  any,  bearing  the  continuously  erupting  character 
of  these  teeth  may  have  on  the  occurrence  of  the  condition  is  unknown. 

It  is  interesting  that  all  known  fossil  odontomas  are  of  Pleistocene  age.  Whether  this 
represents  a natural  distribution  in  time  is  unknown.  However,  in  the  absence  of  any 
certain  external  causative  factors  responsible  for  this  condition  in  living  animals  it  seems 
unlikely  that  the  lesion  should  appear  suddenly  at  a comparatively  recent  time  in  animals 
as  distantly  related  as  proboscideans  and  litopterns. 

The  distribution  of  odontomas  in  living  animals  suggests  that  the  lesions  can  be 
expected  to  appear  more  widely  in  the  fossil  record  as  palaeontologists  become  more 
familiar  with  this  aspect  of  palaeopathology. 
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A VISEAN  CEPHALOPOD  FAUNA  FROM  NEW 

SOUTH  WALES 

by  D.  A.  BROWN,  K.  S.  W.  CAMPBELL,  and  J.  ROBERTS 


Abstract.  A fauna  consisting  of  numerous  specimens  of  the  ammonoid  Beyrichoceras  travellynense  sp. 
nov.,  together  with  the  nautiloids  Mooreoceras  regidare  sp.  nov.,  Vestinautihis  sp.,  and  Knightoceras?  sp.,  is 
described  from  the  Bingleburra  Formation  of  the  Gresford  District,  north-west  of  Newcastle,  New  South 
Wales.  It  is  suggested  that  the  fauna  may  be  correlated  with  the  middle  to  upper  part  of  the  Beyrichoceras 
zone  of  Europe. 


This  small,  but  important,  cephalopod  fauna  was  found  by  two  of  us  (D.  A.  B.  and 
K.  S.  W.  C.)  while  visiting  a locality  recently  examined  and  described  by  Roberts  ( 1961 ). 
It  occurs  in  the  upper  part  of  the  Bingleburra  Formation  near  Trevallyn  at  G.R.  570864 
Dungog  One-Mile  Military  Sheet,  south  of  Gresford,  N.S.W.  (text-fig.  1).  The  formation 
consists  mainly  of  mudstones,  but  includes  relatively  thin  conglomerates,  sandstones,  and 
oolitic  limestones.  A black  silty  bioclastic  limestone  has  yielded  all  of  the  present  speci- 
mens. It  is  intercalated  in  a siltstone  and  sandstone  body,  which  contains  a rich  brachio- 
pod,  polyzoan  and  molluscan  fauna  that  is  being  described  elsewhere  by  Roberts.  As 
has  been  indicated  previously  by  Roberts  (1961,  p.  83),  the  faunal  and  stratigraphical 
evidence  suggests  that  the  Trevallyn  fauna  is  slightly  older  than  those  from  Hilldale 
and  Babbinboon,  N.S.W.  On  the  basis  of  the  brachiopods  and  polyzoans,  these  have 
been  correlated  with  the  upper  Osagean  of  North  America.  Recent  trans-Atlantic 
correlation  tables  (e.g.  Collinson,  Rexroad,  and  Scott  1962)  equate  the  Osagean  with 
the  German  goniatite  zones  Cu  II  ^8-8,  that  is,  with  the  upper  Pericycliis  and  lower 
Beyrichoceras  zones.  The  newly  discovered  specimens  are  referred  to  Mooreoceras 
regulare  sp.  nov.,  Vestiiiaiitilus  sp.,  Knightoceras  ? sp.,  and  Beyrichoceras  treval/ynense 
sp.  nov.  ProJecauites  sp.  has  previously  been  recorded  at  the  locality  (Roberts  1961, 
p.  82). 

Cephalopods  are  rare  in  the  Carboniferous  rocks  of  New  South  Wales.  Ammonoids 
have  been  described  from  only  three  other  areas,  namely,  Protocanites,  Muensteroceras, 
Imitoceras,  and  Pericycliis  from  the  Werrie  Basin  (Delepine  1941;  Campbell  and  Engel 
1963),  Beyrichoceras  from  the  Gloucester  Syncline  (Cvancara  1958),  and  Cravenoceras 
from  the  Kempsey  area  (Campbell  1962).  Nautiloids  are  somewhat  more  abundant  and 
widespread,  but  though  they  have  appeared  quite  frequently  in  faunal  lists,  they  have 
been  described  and  figured  on  one  occasion  only,  namely,  by  de  Koninck  (1877)  who 
recognized  three  European  species,  Orthoceras  martinianwn  ? de  Koninck,  Cameroceas 
phillipsi  de  Koninck,  and  Nautilus  subsulcatus  Phillips,  each  on  the  basis  of  a single 
specimen.  The  localities  cited  are  exceedingly  vague,  and  the  specimens  have  since  been 
destroyed  by  fire.  Attempts  to  recover  conodonts  from  this  and  related  limestones 
have  proved  unsuccessful. 

The  authors  are  indebted  to  Mr.  W.  S.  Bisat,  F.R.S.,  for  much  helpful  advice  on  the 
relationships  of  the  goniatites. 


[Palaeontology,  Vol.  7,  Part  4,  1964,  pp.  682-94,  pis.  102-103.] 


BROWN,  CAMPBELL,  AND  ROBERTS:  VISEAN  CEPHALOPOD  FAUNA  683 

SYSTEMATIC  DESCRIPTIONS 
Order  nautiloidea 

Genus  mooreoceras  Miller,  Dunbar,  and  Condra  1933 

Type  species  (by  original  designation).  M.  nonvale  Miller,  Dunbar,  and  Condra  (1933),  from  the  Kansas 
City  Formation,  Missouri  Series,  Kansas  City,  Missouri. 


TEXT-FIG.  I.  Map  of  Trevallyn  cephalopod  locality,  marked  by  +. 

Remarks.  Flower  (1939)  reported  the  presence  of  cameral  deposits  concentrated  on  the 
ventral  side  of  the  conch,  and  siphonal  deposits  of  the  Pseudorthoceras  type  in  species 
which  he  assigned  to  the  genus.  However,  Miller  and  Youngquist  (1949)  have  re- 
examined the  genoholotype  and  other  specimens  referred  to  the  type  species,  and 
concluded  that  neither  cameral  nor  siphonal  deposits  are  present.  We  accept  their 
interpretation  herein. 

Mooreoceras  regulare  sp.  nov. 

Plate  102,  figs.  1-4;  text-figs.  2-3 

Holotype.  A.N.U.  14027,  from  the  Bingleburra  Formation  at  Trevallyn;  paratypes  ANU 
14028-9  from  the  same  locality. 

Diagnosis.  Conch  gradually  expanding;  siphuncle  slightly  excentric;  connecting  rings 
only  weakly  fusiform;  no  external  ornament. 

Description.  Conch  gradually  expanding,  almost  circular  in  section,  and  reaching  a length 
of  at  least  230  mm. ; greatest  observed  diameter  31  mm. ; surface  completely  smooth  apart 
from  very  faint  traces  of  growth-lines;  septa  simple,  deeply  concave  (see  PI.  102,  fig.  3) 
and  spaced  3-5  mm.  apart  at  a conch  diameter  of  9 mm.,  4 mm.  at  12  mm.,  and  5 mm. 
at  18  mm.;  mural  part  of  septa  extending  as  much  as  two-thirds  the  length  of  the 
camerae;  septal  sutures  almost  circular,  and  transverse;  siphuncle  excentric  by  an 
amount  slightly  less  than  its  own  diameter,  at  conch  diameters  between  14  and  17  mm.; 
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septal  necks  cyrtochoanitic,  with  the  area  of  adnation  and  the  brim  very  narrow;  con- 
necting rings  very  fine,  cylindrical  over  most  of  their  length  and  slightly  constricted  at  the 
septa ; neither  cameral  nor  siphonal  deposits  present ; shell  substance  moderately  thick. 

Remarks.  The  material  available  consists  of  one  almost  complete  phragmocone,  several 
fragments  of  phragmocones,  and  part  of  a large  living  chamber.  Part  of  the  most  com- 
plete specimen  has  been  sectioned  together  with  small  fragments  of  another  individual. 
All  specimens  are  preserved  with  the  shell  substance  intact. 


TEXT-FIG.  2 TEXT-FIG.  3 

TEXT-FIG.  2.  Transverse  section  of  Mooreoceras  regulare  sp.  nov.  showing  the  position  of  the  siphuncle. 

ANU  14027. 

TEXT-FIG.  3.  Longitudinal  section  of  Mooreoceras  regulare  sp.  nov.  ANU  14027. 


The  development  of  substances  that  uniformly  line  the  inner  surfaces  of  the  camerae, 
including  the  connecting  rings,  clearly  indicate  the  absence  of  cameral  deposits;  and  the 
presence  of  a lining  with  a similar  texture  on  one  side  only  of  the  siphuncle  proves  the 
absence  of  siphonal  deposits.  In  these  respects  the  specimens  do  not  accord  with 
Flower’s  (1939)  interpretation  of  the  genus  Mooreoceras.  However,  Miller  and  Young- 
quist  (1949)  have  re-examined  the  genoholotype  and  other  specimens  referred  to  the 
type  species,  and  concluded  that  neither  cameral  nor  siphonal  deposits  are  present.  This 
excludes  our  specimens  from  Adnatoceras  Flower  and  Dolorthoceras  Miller.  An  unusual 


EXPLANATION  OF  PLATE  102 

Figs.  1-4.  Mooreoceras  regulare  sp.  nov.  1,  2,  Latex  cast  of  the  exterior  of  partly  exfoliated  specimen, 
ANU  14027,  X 1-5.  3,  4,  Section  showing  the  internal  structure,  ANU  14027,  x2  and  x3. 

Figs.  5-11.  Vestinautilus  sp.  5,  Lateral  view,  ANU  14024,  x 1.  6,  Same  specimen  with  the  living  cham- 
ber and  first  few  camerae  removed  to  show  the  ornament  on  the  early  whorls,  X2.  7,  8,  10,  11, 
Ventral  views  of  same  showing  profiles  and  fine  ornament,  X 2,  x 1,  x 2,  and  x 2.  Note  the  shape  of 
the  septal  suture  in  fig.  8.  The  profile  on  the  upper  part  of  fig.  8 does  not  show  sufficiently  deep 
channeling  due  to  the  flat  face  cut  on  one  side  of  the  specimen.  9,  Polished  surface  showing  penulti- 
mate septum  and  preceding  four  septa. 
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feature  of  our  specimens  is  the  almost  cylindrical  shape  of  the  connecting  rings.  In  most 
species  of  Mooreoceras  they  tend  to  be  more  fusiform. 

The  internal  structures  of  the  European  species  that  resemble  M.  regulare  externally 
are  not  sufficiently  well  known  to  warrant  discussion  of  possible  relationships.  M.  india- 
nense  (Hall)  from  the  Rockford  Limestone  (Kinderhookian)  of  Indiana  is  similar  in 
many  respects  but  is  more  gently  tapered.  The  specimens  from  the  Marshall  Sandstone 
which  have  been  placed  in  M.  cf.  indianense  by  Miller  and  Garner  also  differ  in  having 
ovoid  connecting  rings. 

Genus  knightoceras  Miller  and  Owen  1934 

? 1953  Siibvestinaiitihis  Turner,  p.  320. 

? Vestinautilus  (Nikenaiitiliis)  Shimansky,  p.  129. 

Type  species  (by  original  designation).  K.  missoiirieuse  Miller  and  Owen  (1934)  from  the  Cherokee 
Formation,  Des  Moines  Series,  Henry  County,  Missouri. 

Remarks.  This  genus  is  inadequately  understood  because  its  type  species  is  known  only 
from  a single  specimen  in  which  the  form  of  the  early  whorls  is  not  shown.  Several 
species  ranging  in  age  from  Lower  Carboniferous  (Gordon  1957;  Ramsbottom  and 
Moore  1961)  to  Lower  Permian  (Miller  and  Youngquist  1949)  have  been  assigned  to 
the  genus.  In  those  species  in  which  the  shape  and  ornament  of  the  inner  whorls  can 
be  determined,  the  venter  and  umbilical  walls  are  slightly  convex,  and  both  carry  faint 
spiral  ornament  (Gordon  1957;  Ramsbottom  and  Moore  1961).  Further  investigation  of 
the  type  species  is  clearly  necessary  before  definite  conclusions  can  be  reached,  but  on 
the  evidence  presented  above  Subvestinautiliis  Turner  is  meanwhile  placed  in  synonymy. 
Vestinautilus  (Nikenauti/us)  Shimansky  (type  species  V.  beleuthensis  Shimansky  (1957) 
from  the  Visean  of  Kazakhstan)  is  another  closely  related  form,  said  to  be  distinctive 
in  its  gently  lobate  peripheral  keel.  It  is  noted  that  Miller  and  Youngquist  (1949)  record 
similar  structures  on  the  Permian  Knightoceras  kempae. 


Knightoceras  ? sp. 

Plate  103,  figs.  IM;  text-fig.  Aa-b 

Description.  Conch  rapidly  expanding;  umbilicus  wide  and  perforate;  umbilical  wall  of 
first  whorl  strongly  convex  but  its  venter  not  observed;  early  part  of  second  whorl  with 
strong  peripheral  keels  almost  at  the  ventral  edge,  and  a broad  venter  gently  convex 
overall  but  with  a slightly  concave  median  zone;  peripheral  keels  becoming  progressively 
more  dorsal  in  position  and  less  angular  at  later  growth  stages;  venter  becoming  strongly 
and  evenly  convex;  umbilical  walls  strongly  convex  throughout;  a single  spiral  thread 
present  on  dorsal  side  of  keel  on  first  one  and  a half  whorls,  but  thereafter  absent; 
venter  with  three  spiral  ribs  on  either  side  of  a broad  smooth  zone,  rapidly  fading  on  the 
first  half  of  the  second  whorl;  keels  formed  partly  by  shell  flexure  and  partly  by  shell 
thickening;  dorsal  impressed  zone  slight,  whorls  overlapping  preceding  whorls  to  the 
level  of  the  keels;  transverse  ornament  of  growth-lines  only;  hyponomic  sinus  3-5  mm. 
deep  at  a whorl  width  of  1 1 mm. 

Septa  deeply  concave  in  lateral  section,  slightly  concave  in  longitudinal  section;  septal 
sutures  on  penultimate  whorl  with  a deep  ventral  lobe,  almost  straight  on  the  umbilical 

Yy 


C 2514 


686 


PALAEONTOLOGY,  VOLUME  7 


whorls,  and  with  a deep  well-rounded  dorsal  lobe ; last  six  septa  occupy  30  mm.  mea- 
sured around  the  venter;  siphuncle  situated  slightly  ventrad  of  the  centre  of  the  septa; 
septal  necks  and  connecting  rings  unknown. 


5 mm 


b 

TEXT-FIG.  4.  (a)  Cross-section  of  Knightoceras  ? sp.  ANU  14023.  (Reconstructed.)  {b)  Suture-line  of 
same  specimen  taken  at  total  conch  diameter  of  32  mm.,  showing  the  positions  of  the  umbilical  seam 

and  the  peripheral  keel.  Both  X 2. 

Remarks.  The  generic  position  of  this  specimen  is  in  doubt.  It  resembles  Knightoceras 
in  the  overall  shape  of  the  conch,  the  profile  of  the  last  whorl,  the  absence  of  strong  spiral 
ornament,  and  the  general  shape  of  the  suture-line.  On  the  other  hand  it  resembles 
Vestinautilus  in  that  it  has  a slightly  depressed  venter  on  the  early  whorls,  though  it  lacks 
the  strong  spiral  ornament  of  that  genus.  The  balance  of  evidence  favours  an  assignment 
to  Knightoceras. 

Of  the  described  species  our  specimen  (ANU  14023)  is  probably  closest  to  K.  loupha- 
phontaensis  Ramsbottom  and  Moore  from  the  Visean  of  Ireland,  but  that  species  has  a 
more  ventrally  placed  peripheral  keel  and  more  spiral  lirae  on  the  venter  of  the  early 
whorls.  K.  pattoni  Gordon  has  a much  higher  whorl  profile,  a less  marked  peripheral 
keel,  and  a more  convex  venter  on  the  early  whorls. 


687 


BROWN,  CAMPBELL,  AND  ROBERTS:  VISEAN  CEPHALOPOD  FAUNA 
Genus  vestinautilus  de  Ryckholt,  1852 

Type  species  (by  subsequent  designation  of  Hyatt,  1884).  Nautilus  konincki  d’Orbigny,  from  the  Tour- 
naisian  of  Tournai,  Belgium. 


TEXT-FIG.  5.  ici)  Cross-section  of  Vestinautilus  sp.  ANU  14024.  (Reconstructed.)  {b)  Suture-line  of  same 
specimen  taken  at  a total  conch  diameter  of  35  mm.,  showing  the  positions  of  the  umbilical  seam  and  the 

peripheral  keel.  Both  X 2. 

Vestinautilus  sp. 

Plate  102,  figs.  5-11;  text-fig.  5a,  b 

Description.  Conch  rapidly  expanding;  umbilicus  wide  and  perforate;  early  parts  of  first 
whorl  almost  circular  but  with  a slightly  flattened  venter;  at  three-quarters  of  the  length 
of  the  first  whorl  the  basic  whorl  shape  is  established,  viz.  maximum  width  across  the 
peripheral  keels,  venter  concave,  flanks  strongly  convex,  dorsal  zone  slightly  impressed ; 
height/width  ratios  of  the  whorls  vary  as  in  Table  1 ; peripheral  keel  sharp  on  early 
whorls  but  tending  to  become  gradually  more  rounded  adorally;  spiral  ornament  of  two 
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grades;  coarser  threads  four  in  number  in  a zone  on  the  flanks  up  towards  the  peripheral 
keel,  extending  back  almost  to  the  adapical  tip  and  fading  out  after  about  1 whorls; 
on  the  lateral  parts  of  the  venter  three  or  four  similar  coarse  threads,  one  stronger  than 
those  on  either  side  of  it  and  extending  further  apicad;  very  fine  threads  (12-15  per  mm.) 
over  the  entire  venter  at  all  growth  stages;  very  prominent  transversals  present  on  the 
second  half  of  the  first  whorl,  but  indistinct  elsewhere;  hyponomic  sinus  almost  lingui- 
form,  and  6 mm.  deep  at  a whorl  width  of  12  mm. 

Suture  pattern  on  first  half  whorl  not  observed;  thereafter  shape  relatively  constant 
(text-fig.  5b);  septa  deeply  concave  and  dorsally  meeting  the  conch  wall  at  a very  low 
angle;  siphuncle  situated  about  one-third  of  the  whorl  height  from  the  venter,  septal 
necks  very  short,  orthochoanitic;  connecting  rings  slightly  fusiform. 


TABLE  1 


ted  diameter 

Height  of  whorl 

Thickness  of  whorl 

W) 

(H) 

(D 

14  mm. 

4-5  mm. 

— 

23 

8-5 

13  mm. 

31 

11-5 

18 

37 

14 

23 

A1 

18 

33  est. 

Remarks.  The  specimen  ANU  14024  is  almost  complete,  but  ANU  14025  is  only  a frag- 
ment of  the  penultimate  whorl.  The  preservation  is  sufficiently  good  to  enable  the  shape 
and  ornament  of  the  inner  whorls  to  be  determined  by  stripping  off  the  outer  ones,  which 
were  subsequently  replaced. 

These  specimens  are  assigned  to  Vestinaulilm  on  the  presence  of;  {a)  the  concave 
venter  on  the  early  whorls;  {b)  the  strong  sharp  peripheral  keel  on  the  early  whorls, 
tending  to  become  more  rounded  on  the  living  chamber;  (c)  the  gradual  reduction  of  the 
spiral  and  transverse  ornament  during  ontogeny;  (6f)  the  wide,  open,  perforate  umbilicus; 
{e)  the  convex  profiles  of  the  umbilical  walls  throughout;  (/)  a deep  ventral  sinus  in  the 
suture  and  a shallower  lateral  sinus  on  the  flanks. 

The  type  species,  V.  konincki  (d’Orbigny),  has  a strongly  convex  venter  on  the  last 
whorl  according  to  de  Koninck  (1878,  p.  138),  but  some  of  his  figured  specimens  are 
concave  at  least  at  the  beginning  of  the  living  chamber  (pi.  30,  fig.  1).  It  is  concluded 
that  the  species  is  very  variable  in  this  character,  and  that  the  occurrence  of  a flattened 
to  slightly  concave  venter  on  the  living  chamber  of  our  specimen  is  of  little  taxonomic 
importance. 

There  are  no  overseas  species  with  which  close  comparison  can  be  made. 

Material.  ANU  14024-5. 

Order  ammonoidea 
Sub-order  goniatitina 
Family  goniatitidae 
Genus  beyrichoceras  Foord  1903 

Type  species  (by  subsequent  designation  of  Bisat,  1924,  p.  84).  Gouiatites  obtusus  Phillips  1836,  p.  234, 
pi.  19,  figs.  10,  11,  ? 13  {non  fig.  12  = Glyphioceras  pliillipsi  Foord  and  Crick  1897,  p.  172  ( fide  Foord 
1903,  p.  163)).  Middle  Visean,  Yorkshire,  England. 
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Much  has  been  written  about  the  similarities  and  differences  between  Muensteroceras 
Hyatt  1884,  Beyrichoceras  Foord  1903,  Beyric/iocerotoides  Bisat  1924,  and  the  group  of 
genera  founded  by  Bisat  (1952) — BoUandites,  BoUandoceras,  and  Cowdaleoceras.  We  are 
inclined  to  agree  with  Miller  and  Garner  (1955,  p.  137)  that  the  last  three  genera  are 
probably  not  recognizable  as  such,  especially  when  we  observe  the  variation  that  may 
occur  in  the  ontogenetic  development  of  even  a single  species,  such  as  the  one  under 
discussion  here.  In  our  view,  they  probably  lie  within  the  range  of  variation  between 
typical  Muensteroceras  and  typical  Beyrichoceras.  This  is  also  the  view  of  Gordon  (1957, 
p.  40)  who  does,  however,  retain  BoUandites  as  a separate  genus. 

On  the  basis  of  the  type  species  of  both  Muensteroceras  (Goniatites)  oweni  Hall  var. 
parallelus  Hall,  from  the  Kinderhookian  Stage  of  Indiana,  U.S.A.,  and  Beyrichoceras 
(see  above),  we  consider  the  main  distinguishing  character  of  the  latter  to  reside  in  the 
adult  ventral  lobe  which  is  moderately  wide,  rather  than  narrow,  and  the  flanks  of  which 
diverge  orad  while  the  prongs  diverge  apicad.  On  these  grounds,  the  present  species  is 
regarded  as  a Beyrichoceras. 

It  is  of  interest  to  note  that  Miller  and  Furnish  (1957,  p.  157)  place  BoUandoceras 
Bisat  1952  and  other  related  genera  in  the  synonymy  of  Muensteroceras  Hyatt.  There  is 
.10  evidence,  however,  that  B.  submicronotum  Bisat  (the  type  species)  has  a narrow  ventral 
lobe  with  parallel  sides  as  in  Hyatt’s  genus. 

Beyrichoceras  trevaUynense  sp.  nov. 

Plate  103,  figs.  5-10;  text-figs.  V 

Holotype.  ANU  14032,  Bingleburra  Formation,  Trevallyn,  south  of  Gresford,  New  South  Wales. 
(PI.  103,  figs.  7,  8;  text-fig.  6c.) 

Diagnosis.  Small  Beyrichoceras  with  five  to  six  shallow  constrictions;  transverse  growth- 
lines not  forwardly  inflected;  lingua  absent.  Suture-line  in  adult  with  secondary  ventral 
saddle  about  one-third  height  of  ventral  lobe;  first  lateral  saddle  rather  broad;  lateral 
lobe  teat-shaped. 

Description.  Conch  ellipsoconic,  thin-shelled,  broadly  discoidal  to  subdiscoidal,  involute. 
Umbilicus  small.  Whorls  six  to  seven,  almost  completely  overlapping,  becoming  rela- 
tively higher  in  maturity;  walls  of  mature  whorls  thickened  internally  by  deposits  in  the 
region  of  the  umbilical  shoulder.  Aperture  not  seen,  but  body  chamber  extending  at  least 
270°  from  the  saddle-line  of  the  last  septum.  Ornamentation  slight,  of  fine  transverse 
growth-lines  curving  apicad  very  slightly  at  the  venter,  concentric  striae  absent; 
constrictions  well  marked,  radial,  straight,  five  to  six  per  whorl,  slightly  and  broadly 
sinuate  on  the  venter.  Chambers  eighteen  to  twenty  per  whorl.  Sutures  BeyrichocerasA'xkt 
(see  diagrams  below). 

Remarks.  The  description  is  based  on  a large  number  of  almost  complete  specimens  and 
many  fragments.  In  no  case,  however,  could  the  shape  of  the  outer  margin  of  the  aper- 
ture be  discerned  although  from  the  nature  of  the  slightly  backwardly  curved  fine  striae 
crossing  the  venter,  it  may  be  assumed  that  this  margin  was  probably  fairly  plain. 

With  the  large  quantity  of  available  material,  it  has  been  possible  to  obtain  a con- 
siderable amount  of  information  on  the  morphology  of  the  conch.  The  largest  specimen 
present  in  the  collection  approaches  20  mm.  in  diameter  (14040)  and  is  probably  almost 
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t .3  mm 

TEXT-FIG.  6.  Beyrichoceras  trevallynense,  sp.  nov.  a.  Penultimate  suture-line  at  D = 12-7  mm.;  derived 
from  ANU  14032.  Dotted  line  represents  assumed,  but  obscured  section  between  umbilical  shoulder 
and  umbilical  seam.  b~li.  Comparative  portions  of  suture-lines  taken  at  different  levels.  Sutures,  where 

indicated,  are  numbered  from  the  adult  end. 
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complete,  since  the  body  chamber  on  the  specimen  extends  for  almost  270°  of  rotation 
before  reaching  the  crest  of  the  saddles  of  the  last  chamber. 

As  seen  in  text-fig.  6a,  the  suture-line  in  the  adult  (14032)  comprises  a ventral  lobe 
with  a secondary  saddle  slightly  less  than  one-third  of  its  height.  The  adult  ventral  lobe 
is  also  almost  parallel-sided  with  a slight  constriction  opposite  the  summit  of  the  second- 
ary ventral  saddle,  the  prongs  of  the  lobe  often  being  directed  slightly  outwards. 

TABLE  2 

Measineinents  of  selected  specimens  (in  mm.): 


ANU  no. 

D 

T 

UD* 

H (max.) 

h (max.) 

14030 

17-3 

101 

1-8 

9-7 

— 

14031 

13-6 

7-6 

1-5 

6-5 

3-3 

14032 

15-5 

7-9 

1-6 

— 

— 

14033  (x-s) 

17-4 

91 

1-5 

8-5 

4-6 

14034 

17-3 

9-4 

— 

— 

— 

14036  (x-s) 

17-0  approx. 

91 

1-5 

90 

5-2 

14040  (x-s) 

19-4 

9-3 

— 

10-4 

50 

14041 

16-7 

101 

1-9 

— 

— 

14090 

10-6 

6-7 

— 

— . 

— 

*UD  = Umbilical  Width 


Measurements  of  two  cross-sections  (see  text-fig.  7 for  notation) 


ANU  no 

. 14033 

D (max.) 

= 17-4 

mm. 

ANU  no.  14036 

D (max.)  = 

17  0 mm. 

, appro.x 

Hi 

8-5 

hi 

4-6 

Ti 

91 

Hi 

90 

hi 

5-2 

Ti 

91 

H, 

6-4 

h.2 

3-4 

T2 

7-2 

Ho 

60 

h.. 

30 

To 

7-2 

Ha 

4-3 

ha 

2-2 

Ta 

5-9 

Ha 

4-3 

ha 

20 

Ta 

5-9 

H4 

2-8 

h4 

1-4 

T4 

4-7 

H4 

2-6 

hi 

1-4 

T4 

4.4 

H5 

L8 

ho 

11 

T5 

3-9 

Ho 

1-8 

hs 

10 

T.S 

3-8 

Ho 

L4 

hs 

0-8 

To 

2-8 

Hs 

1-2 

hs 

0-8 

To 

2-6 

H7 

10 

h- 

0-6 

T, 

2-3 

H7 

0-9 

h. 

0-5 

T7 

2-4 

Hs 

0-8 

hs 

0-5 

Ts 

1-9 

Hs 

0-7 

hs 

0-4 

Ts 

1-7 

Ho 

0-6 

ho 

0-4 

To 

1-5 

Ho 

0-6 

ho 

0-3 

To 

1-3 

Hio 

0-5 

hio 

0-4 

Tio 

11 

Hio 

0-5 

hin 

0-3 

Tio 

10 

Hu 

0-4 

hii 

0-3 

Tn 

0-9 

Hii 

0-4 

hxi 

0-3- 

Til 

0-8 

Hi2 

0-3  i 

hi2 

0-2 

Ti2 

0-7 

Ti2 

0-7 

Hi3 

0-3- 

hi  3 

01: 

Tia 

0-6 

Tia 

0-6 

In  earlier  stages  of  ontogeny,  however,  there  are  quite  marked  contrasts.  Apart  from 
the  smaller  size,  the  sides  of  ventral  lobe  become  convergent  apicad  and  the  secondary 
ventral  saddle  decreases  considerably  in  height  (text-fig.  6/,  h).  The  very  prominent  lateral 
lobe  in  mature  and  adolescent  stages  is  distinctly  angular  with  a teat-shaped  prong 
usually  directed  slightly  towards  the  venter.  In  early  stages,  however,  it  is  quite  rounded 
or  reverse  saddle-shaped  (text-fig.  6g,  /?).  The  umbilical  lobe  is  shallow,  widely  open 
V-shaped,  and  its  prong  lies  just  inside  the  umbilical  shoulder.  The  umbilical  saddle  has 
its  crest  on  the  umbilical  seam.  The  dorso-lateral  and  dorsal  lobes  are  deep,  narrow, 
parallel-sided,  with  the  sides  converging  sharply  to  the  prong  in  each  case.  No  information 
is  available  on  any  changes  that  may  occur  in  the  ontogeny  of  these  lobes. 

In  seeking  for  comparisons  among  the  goniatites  from  the  Beyriclwceras  Zone  in  the 
north  of  England  (Bisat,  1934),  the  present  species  appears  to  fall  into  his  B.  micro- 
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notion  group  and  is  evidently  fairly  close  to  B.  siibmicronolwn  Bisat  (1934,  p.  291,  pi.  23, 
figs.  5,  6;  text-fig.  19),  later  chosen  as  the  type  species  of  BoUandoceras  Bisat,  1952. 

Beyrichoceras  trevallynense  differs  extern- 


TEXT-FiG.  7.  Beyrichoceras  trevallynense,  sp.  nov. 
Section  through  specimen  ANU  14033.  Notation 
used  refers  to  tables.  Specimen  is  slightly  dis- 
torted. 


Apart  from  the  larger  dimensions  of 
(1941,  p.  62,  pi.  3,  figs.  25-32)  as  B.  > 


ally  from  B.  submicronotum  in  having  no 
apparent  forward  inflexion  of  the  transverse 
growth-lines  from  the  flank,  forming  a lingua, 
at  any  stage.  Comparison  of  the  suture-line 
indicates  that  the  secondary  ventral  saddle 
in  the  adult  of  the  present  species  is  con- 
siderably higher  than  in  B.  submicronotum, 
and  the  first  lateral  saddle  is  much  broader. 
Bisat  also  indicates  that  some  of  his  speci- 
mens were  considerably  larger  (30  mm.) 
than  the  Trevallyn  forms. 

From  B.  micronotum  Phillips,  differences 
in  the  present  species  lie  in  the  greater  num- 
ber of  shallower  constrictions,  the  smaller 
size,  and  the  suture-line  in  which,  according 
to  Bisat  (1934,  p.  288,  text-fig.  18),  the  ven- 
tral saddle  is  markedly  higher.  However,  in 
so  far  as  the  last  feature  is  concerned,  Gordon 
(1957,  p.  41,  text-fig.  15)  has  identified  as  B. 
micronotum  specimens  from  the  Ilia  zone  in 
Alaska  and  remarks  that  ‘.  . . the  ventral 
lobe  of  the  Alaskan  specimen  is  a little  more 
deeply  notched  by  the  median  saddle  than 
shown  by  Bisat  for  the  lectoholotype’. 

Kullmann  (1961)  has  also  identified  a 
species  of  Beyrichoceras  (which  he  regards 
as  a subgenus  of  Goniatites  de  Haan)  from 
the  Lower  Carboniferous  of  the  Cantabrian 
Mountains  of  northern  Spain,  and  compares 
it  with  B.  micronotum  Phillips.  In  these 
specimens  the  flanks  of  the  ventral  lobe  are 
convergent,  though  showing  a slight  ten- 
dency to  converge  less  towards  the  prongs, 
he  Moroccan  forms  described  by  Delepine 
icronotum,  there  is  insufficient  information 


EXPLANATION  OF  PLATE  103 

Figs.  1-4.  Knightoceras  ? sp.  1,  2.  Lateral  and  ventral  views  of  ANU  14023,  X 1.  3,  View  of  the  septum 
shown  on  the  right  side  of  fig.  1.  Note  the  dorsal  flexure  and  the  position  of  the  siphuncle,  X L25. 
4,  Same  specimen  with  most  of  the  living  chamber  removed,  x 1 . 

Figs.  5-10.  Beyrichoceras  trevallynense  sp.  nov.  5,  A partly  exfoliated  specimen  showing  the  fine  growth- 
lines, and  the  absence  of  a lingua,  ANU  14034,  x3.  6,  A phragmocone,  ANU  14035,  x 3.  7,  8, 
Lateral  and  ventral  views  of  an  almost  complete  partly  exfoliated  specimen,  holotype,  ANU  14032, 
x3.  9,  ANU  14031,  x3.  10,  Polished  median  section,  ANU  14033,  x3. 
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on  the  nature  of  the  suture-line  to  distinguish  these  specimens  from  the  present 
species. 

Cvancara  (1958,  p.  882)  with  considerable  doubt  placed  a single  distorted  specimen 
from  the  Lower  Carboniferous  of  the  Barrington-Gloucester  area  of  New  South  Wales 
in  the  genus  Beyrichoceros.  In  our  opinion,  the  suture-line  of  this  specimen,  with  the 
margins  of  the  ventral  lobe  diverging  strongly  orad  and  the  ventral  saddle  almost  half 
the  height  of  the  lobe,  suggests  that  it  is  not  a typical  Beynchoceros,  on  the  basis  accepted 
above.  Cvancara’s  specimen  is  certainly  very  different  from  those  of  the  present  species. 

Other  material.  Figured  paratypes  (ANU  14030,  text-fig.  6b',  ANU  14031,  PI.  103,  fig.  9;  text-fig.  6e; 
ANU  14033,  PI.  103,  fig.  10;  ANU  14034,  PL  103,  fig.  5;  ANU  14035,  PI.  103,  fig.  6;  text-fig.  6/; 
ANU  14036,  text-fig.  7;  ANU  14089,  text-fig.  6c/;  ANU  14091,  text-fig.  6g,  h).  Two  specimens  have 
been  presented  to  the  British  Museum  (N.H.),  where  they  are  numbered  C72220  and  C72221. 

THE  AGE  OE  THE  EAUNA 

The  determination  of  the  age  of  the  fauna  depends  almost  entirely  on  Beyriclioceras 
trevallynense  sp.  nov.  and  Prolecanites  sp.,  since  the  nautiloid  genera  are  all  long 
ranging  and  the  species  are  not  closely  comparable  with  any  known  species.  As  indicated 
above  B.  trevallynense  belongs  to  the  B.  niicronotwn  group  which  in  Britain  characterizes 
the  subzones  3 and  4 (Bisat  1934,  p.  292;  1952,  p.  159)  of  the  Beyrichoceras  zone.  It  is 
closest  to  B.  subtnicronolwn  which  occurs  earlier  than  the  main  development  of  B. 
micronolwn,  and  which  is  found  in  probable  equivalents  of  subzone  3 (B.  castletonense 
and  B.  cf.  excavatwn).  The  genus  Prolecanites  first  appears  in  subzone  2 (Goniatites 
hudsoni  and  G.  antiqiiatiis)  and  persists  beyond  the  end  of  the  Visean.  There  is  an 
association  of  B.  siibmicronotum  with  Prolecanites  discoides  at  Cow  Low  Nick,  Derby- 
shire, in  beds  which  apparently  underlie  those  with  the  typical  subzone  4 assemblage. 

In  Belgium  (Delepine,  1940)  and  in  North  Africa  (Delepine,  1941)  members  of  the 
B.  tnicronotwn  group  have  been  found  in  association  with  species,  and  in  stratigraphical 
positions,  comparable  with  those  of  Britain. 

At  present  there  is  confusion  in  the  literature  about  the  correlation  of  the  British  B 
zone  with  the  German  zonal  sequence.  For  example,  Pareyn  (1962)  correlated  the 
B zone  with  the  top  of  1!  y and  the  lower  half  of  III  a making  no  mention  of  the  inter- 
mediate II  8 zone.  Gordon  (1957)  linked  the  entire  British  B zone  with  the  lowermost 
two-thirds  of  the  German  Ilia  zone.  However,  in  our  opinion  the  best  evidence  available 
suggests  that  Bisat ’s  subzones  3 and  4 of  the  Beyrichoceras  zone  are  correlates  of  the 
uppermost  II  8 and  lower  III  a zones  of  Germany. 

We  conclude  therefore  that  the  cephalopods  indicate  that  the  Trevallyn  fauna  is  to 
be  correlated  with  the  middle  to  upper  part  of  the  B zone  of  Britain  and  the  uppermost 
II  8 or  lower  III  a of  Germany. 
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TERTIARY  SOLENO FOR ACEAN  ALGAE  AND 
THE  REPRODUCTIVE  STRUCTURES  OF  THE 
SOLENOPORACEAE 

by  GRAHAM  F.  ELLIOTT 


Abstract.  Knowledge  of  the  supposed  reproductive  structures  of  the  Solenoporaceae  (Rhodophyta,  calcareous 
algae,  mostly  Palaeozoic  and  Mesozoic)  is  reviewed,  and  then  compared  with  evidence  from  a study  of 
well-preserved  Tertiary  Solenoporaceae.  Even  in  this  material  reproductive  bodies  cannot  be  identified  with 
certainty.  A suggested  evolutionary  history  of  the  family  relates  the  supposed  reproductive  processes  to  cell- 
structure,  anatomy,  and  palaeoecology,  comparing  each  with  that  of  the  related  Corallinaceae. 

The  Solenoporaceae  are  an  extinct  group  of  fossil  marine  organisms,  nodular  or  en- 
crusting in  form,  and  formed  internally  of  closely  packed  radially  or  vertically  divergent 
rows  of  elongate  cells.  Occasionally  referred  to  various  animal  groups,  they  are  usually 
interpreted  as  calcareous  algae  related  to  the  living  Corallinaceae,  which  they  resemble 
closely  in  growth-form  and  general  internal  structure,  and  to  which  they  may  have  been 
ancestral.  The  cell-diameters  are  almost  always  greater  than  those  of  the  corallines,  but 
are  less  than  those  of  typical  members  of  different  marine  invertebrates  with  similar 
skeletal  appearance,  as  shown  by  the  comparison-list  of  Peterhans  ( 1 929) : see  also  Oakley 
( 1941 ).  The  solenoporaceans  have  thus  a distinctively  coarser  appearance  in  section  than 
the  corallines.  Usually  taken  as  closely  related  to  the  latter — the  two  main  patterns  of 
solenoporacean  structure  may  be  paralleled  in  the  corallines,  as  indicated  by  Lemoine 
(1911) — detailed  classification  has  naturally  varied:  a recent  summary  and  historical 
review  is  that  of  Johnson  (1960). 

In  one  important  character  the  solenoporaceans  contrast  sharply  with  the  younger 
group.  The  reproductive  structures  of  the  Corallinaceae  are  amongst  the  most  conspi- 
cuous features  of  the  family,  and  have  proved  invaluable  in  classification.  Random 
sections  of  the  fossil  forms  are  often  studded  with  rows  of  calcified  sporangia  like  pearls, 
or  with  the  larger  cartouche-like  conceptacles  of  more  advanced  genera,  and  are  readily 
recognizable  by  comparison  with  the  living  algae,  particularly  those  of  the  Indo-Pacific 
province.  But  in  the  solenoporaceans,  though  the  vegetative  tissue  is  similar  to  that  of 
the  corallines,  the  structures  whieh  have  been  interpreted  as  reproductive  in  origin  are 
relatively  uncommon  and  almost  all  doubtful  and  obscure.  Indeed,  the  erection  of  the 
family  Solenoporaceae  by  Pia  (1927)  was  largely  based  on  the  absence  of  ealcified  re- 
productive elements,  and  he  had  earlier  reconstructed  them  as  external  to  the  calcified 
thallus  during  life  (Pia  1926,  p.  157). 

Alleged  reproductive  structures  were  reviewed  by  Wood  (1944),  who  distinguished 
four  eategories.  First  were  ‘cells  without  regular  form’,  a very  varied  group  of  calcite- 
filled  cavities  interpreted  as  remains  of  sporangia  or  conceptacles  like  those  of  the 
corallines:  very  few  of  these  solenoporacean  features  are  intrinsically  recognizable  as 
reproduetive  in  origin.  A second  group  comprised  ‘star-like  groups  of  cells’;  scattered 
stellate  appearances  in  transverse  seetions  apparently  due  to  fusion  or  wall-failure  of  the 

(Palaeontology,  Vol.  7,  Part  4,  1964,  pp.  695-702,  pis.  104-108.] 
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ordinary  vegetative  tissue-cells,  and  interpreted  for  the  most  part  as  connected  with 
former  reproductive  structures.  The  third  and  fourth  structures  considered  by  Wood 
were  the  alleged  conceptacles  of  Opik  and  Thomson  (1933)  and  the  supposed  sporangia 
of  Rothpletz  (1908).  These  are  both  calcite-filled  interruptions  of  the  normal  tissue. 
Around  the  former  the  rows  of  vegetative  cells  are  diverted,  indicating  growth  during 
the  life  of  the  plant  (though  not  necessarily  that  of  a reproductive  structure)  and  not 
to  be  explained  as  a post-mortem  feature;  the  latter  show  solution  of  the  surrounding 
cell-walls  which  Wood  compared  with  the  formation  of  sporangia  in  Archaeo/itho- 
thamnium  of  the  Corallinaceae.  Both  were  discussed  in  the  light  of  new  material.  Wood 
thought  the  latter  might  be  sporangial  but  concluded:  ‘It  will  have  been  seen  that  there 
is  a great  doubt  about  almost  all  the  records  of  organs  of  reproduction  in  the  Solenopo- 
raceae,  and  that  no  such  bodies  may  safely  be  said  to  be  present  in  any  form.’ 

Subsequent  to  Wood’s  review,  contributions  by  Garwood  (1945),  Rao  and  Varma 
(1953),  Maslov  (1956),  Johnson  and  Konishi  (1959),  and  others,  described  and  figured 
features  interpreted  as  solenoporacean  sporangia  and  conceptacles,  and  carried  on  the 
search  for  understanding  of  this  part  of  algal  evolution. 


THE  SOLENOPORACEAE  OF  THE  TERTIARY 

The  solenoporaceans  most  familar  to  palaeontologists  are  from  the  Palaeozoic,  with 
subordinate  occurrence  in  the  Mesozoic.  In  the  warm  seas  of  Tethys,  however,  they 
survived  into  the  early  and  mid  Tertiary,  and  although  limited  in  genera  and  species,  they 
occur  locally  in  great  abundance.  These  forms  are  usually  better  preserved  than  those 
from  older  limestones.  Since  they  are  often  found  intimately  intergrown  with  Tertiary 
corallines  comparison  is  facilitated.  They  are  now  reviewed  with  especial  consideration 
of  possible  reproductive  structures,  in  an  attempt  to  elucidate  older  records.  The  four 
genera  concerned  are  Parachaetetes,  Solenomeris,  Soleuopora,  and  Neosolenopora. 

Parachaetetes  is  represented  in  the  Tertiary  by  one  species,  P.  asvapatii  Pia,  described 
from  the  Indian  Danian  (Pia  1936).  It  occurs  in  profusion  in  shallow  water  reefal  facies 
of  the  Palaeocene-Lower  Eocene  of  the  Middle  East,  from  the  Mediterranean  to  the 
Arabian  Sea  (Elliott  1960).  It  has  been  recorded  from  the  Palaeocene  of  the  Pyrenees 
(Segonzac  1962)  and  the  Danian-Montian  of  Cuba  (Keijzer  1945),  and  noted  by  the 
writer  in  the  Montian  of  Vigny,  northern  Erance,  and  as  a derived  form  in  the  Eocene 
of  Borneo.  Eliafiella  (Pfender  and  Basse  1948)  appears  very  similar  from  the  type 
description  and  Elliott  (1955)  drew  attention  to  this;  Johnson  and  Konishi  (1960) 
and  Segonzac  (1962)  agree  with  this  probable  synonymy.  Elianetla,  described  from  the 
Palaeocene  of  Madagascar,  was  also  recorded  from  Venezuela,  Europe,  and  Anatolia 
(Pfender  and  Basse  1948);  in  the  Carpathians  it  is  said  to  appear  in  the  Upper  Cretaceous 


EXPLANATION  OF  PLATE  104 
Parachaetetes  asvapatii  Pia,  thin-sections,  X 30. 

Fig.  1.  Specimen  showing  calcite-filled  post-mortem  borings  marked  by  dark  marginal  mineralization. 
Sinjar  Limestone,  Palaeocene-Lower  Eocene;  south-west  Sefin  Dagh,  Shaqlawah,  Rowanduz-Erbil, 
Erbil  Liwa,  north-east  Iraq.  BMNH  V51231 . 

Fig.  2.  Typical  dense  radiate-concentric  structure.  Sinjar  Limestone,  Palaeocene-Lower  Eocene;  1 
mile  south-west  of  Sedelan,  Sulemania,  Sulemania  Liwa,  north-east  Iraq.  BMNH  V51232. 
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(Schalekova  1963).  P.  asvapatii  is  thus  a fossil  with  a very  wide  Tethyan  distribution:  in 
the  writer’s  experience  its  abundant  occurrence  marks  the  Palaeocene-Lower  Eocene. 

The  species  occurs  normally  as  compact  nodules  or  bluntly  lobed  ‘cauliflower-head’ 
growths  of  up  to  several  centimetres  diameter,  though  it  has  been  seen  rarely  as  thinner 
ribbon  like  growths  when  intimately  associated  with  other  algae  such  as  Lithophyllum. 
In  vertical  thin-section  (PI.  104,  fig.  2)  typical  growths  show  a closely  packed  mass  of 
curved  radial  lines  of  elongate  cells;  these  are  circular  in  cross-section,  about  0-04-0-06 
mm.  diameter  or  less,  and  very  variable  in  length.  Pia  (1936)  gives  the  length  as  ‘at  least 
between  0-04  and  0T2  mm.’  The  tissue  is  characteristically  uniform  in  appearance, 
though  showing  some  concentric  banding:  occasionally  a rudimentary  distinction  may 
be  made  out  between  hypothallic  and  perithallic  tissue,  as  figured  by  Pia  (1936,  pi.  3), 
but  this  is  never  very  clear. 

Examination  of  several  hundred  thin-sections  of  this  species  from  the  Middle  East 
has  never  revealed  any  structures  which  could  be  interpreted  as  remains  of  reproductive 
organs.  Occasionally  obvious  non-algal  features,  such  as  holes  made  by  boring  organisms 
(PI.  104,  fig.  1),  are  to  be  seen.  No  reproductive  structures  have  been  described  for  the 
species  in  the  literature. 

Solenomeris  is  a coarsely  cellular  organism  showing  marked  irregularity  in  its  cells. 
The  type-species,  S.  o'gonnani  (Douville  1924)  from  the  Lower  Eocene  of  the  French 
Pyrenees,  is  nodular  in  growth  like  Parachaetetes:  the  cells  are  irregularly  polygonal  in 
transverse  section,  of  perhaps  0-04-0-06  mm.  diameter  or  more,  showing  as  an  irregular 
mesh  with  much  better  defined  walls  than  usually  seen  in  Parachaetetes.  In  vertical  section 
the  individual  cells  are  seen  to  be  polygonal  also,  cells  in  adjacent  rows  alternating  to 
give  a zigzag  effect;  they  occur  in  horizontal  zones  of  low  cell-height  (several  layers  of 
cells  of  about  0-065  mm.  width  by  0-026  mm.  height)  followed  by  similar  zones  of  greater 
cell-height  (0-060  mm.  approx.),  thus  giving  a characteristic  banded  appearance  to  the 
thallus  (PI.  105,  fig.  2).  This  height  is  the  equivalent  of  the  length  of  more  conventionally 
shaped  solenoporacean  cells.  S.  douvUIei  Pfender  from  the  Lower  Eocene  of  the  Spanish 
Pyrenees  is  an  encrusting  species  of  very  similar  cell-structure.  Pfender  (1926)  compared 
it  with  certain  hydrozoa,  but  the  comparison  with  the  Solenoporaceae  seems  much  closer. 
In  the  Middle  East  both  species  have  been  recognized  in  local  abundance  in  the 
Palaeocene-Lower  Eocene  of  Iraq  (Elliott  1960),  though  the  specific  distinction  is  not 
always  easy  to  make.  An  undescribed  species  was  recorded  by  Pfender  (1926)  from  the 
Middle  Eocene  of  Italy:  the  writer  has  seen  a Solenomeris,  possibly  the  same  species,  in 
the  Middle  Eocene  of  Qurn  Behuth,  Sharjah,  Trucial  Coast,  Arabia,  while  Schalekova 
(1963)  records  S.  doitvillei  Pfender  from  the  Middle  Eocene  of  Slovakia.  S.  afonensis 
Maslov  is  from  the  Lower  Eocene  of  the  U.S.S.R.:  Maslov  (1956)  compared  the  tissue 
with  that  of  certain  foraminifera  as  well  as  with  stromatoporoids.  S.  pakistense  Johnson 
and  Konishi  (S'.  ? douvUIei  Rao  and  Varma,  non  Pfender)  is  from  the  Lower  Eocene  of 
Pakistan,  and  an  alleged  conceptacle  was  described  from  it  (Rao  and  Varma  1953).  All 
these  species  are  very  similar. 

Examination  of  Middle  East  Solenomeris  for  reproductive  structures,  in  contrast  to 
Parachaetetes,  shows  many  varied  features.  The  specimen  in  Plate  106,  fig.  1,  shows 
what  is  apparently  a clear  vertical  section  of  a definite  conceptacle  of  lithophyllid  type, 
with  single  central  aperture.  However,  further  examination  of  the  same  slide  shows 
numerous  entombed  encrusting  or  adherent  foraminifera  (BuIIopora  sp.)  overgrown  and 


698 


PALAEONTOLOGY,  VOLUME  7 

smothered  by  the  fast-growing  alga  (PI.  105,  fig.  3).  It  is  evident  that  this  and  other 
‘conceptacles’  are  in  fact  random  cuts  of  buried  Bullopora,  whole  or  broken.  The  fast- 
growing nature  of  Solenomehs  (a  characteristic  of  modern  warm-water  reef  Corallin- 
aceae)  is  evidenced  by  entombed  debris,  larger  free  foraminifera  such  as  Alveolina  (PL 
105,  fig.  1)  and  even  large  discocyclines  completely  overgrown  and  forming  the  nucleus 
of  Soleuomeris-gxo'^th's,  (PI.  106,  fig.  3).  Clear  calcite  spaces  with  enclosed  matrix 
sharply  overgrown  by  the  alga  (PI.  106,  fig.  2)  suggest  other  attached  organisms  which 
were  smothered.  Plate  107,  fig.  1,  shows  a transverse  section  through  the  basal  level  of 
two  attached  specimens  of  Bullopora : it  is  seen  that  the  cells  beneath  are  slightly  enlarged 
and  globular,  and  there  seems  to  be  a real  difference  in  transparency  of  the  cell  walls, 
relative  to  the  ordinary  SoIenomeris-CQ\\s,  adjacent.  In  Plate  107,  fig.  2,  a vertical  cut  of 
an  apparently  similar  cell-group  is  seen  in  a second  section  from  the  same  rock  sample. 
These  cells  occur  beneath  a clear  calcite  body  representing  an  original  attached  organism 
or  foreign  body,  smaller,  however,  than  the  cell-group  below.  The  structure  seems  to  be 
the  same  as  the  ‘conceptacle  with  sporangia’  figured  for  S.pakisterisehy  Rao  and  Varma; 
their  published  figure  is  far  from  clear  and  does  not  show  the  relation  between  this 
structure  and  the  vegetative  tissue.  A somewhat  similar  structure  is  seen  in  one  of  Mas- 
lov’s figured  sections  of  S.  afouense  (1956,  pi.  45).  It  is  very  doubtful  indeed  if  this  is  a 
conceptacle,  and  it  is  difficult  to  see  why  cells  below  such  attached  organisms  should 
become  enlarged : possibly  it  is  the  remains  of  another  foraminifer.  It  could  be  argued 
that  these  enlarged  cell-groups  were  occasioned  by  an  external  non-calcified  sporangium, 
but  there  is  no  direct  evidence  of  this. 

Stellate  cell-structures  occur  not  uncommonly;  they  are  seen  to  be  sometimes  con- 
nected with  changes  of  orientation  of  the  vegetative  cell-growth.  There  are  also  various 
calcite  inclusions  connected  with  included  reef-debris  or  post-mortem  borings,  &c. 

To  summarize,  these  growths  of  Solenomeris  show  an  abundance  of  included  and  well- 
preserved  structures,  one  of  them  more  like  a familiar  pattern  of  coralline  conceptacle 
than  anything  yet  figured,  yet  with  very  little,  if  any,  evidence  of  reproductive  origin. 


EXPLANATION  OF  PLATE  105 

Solenomeris  o'gormani  Douville,  thin-sections,  X 40. 

Fig.  1.  Section  showing  horizontal  (transverse)  cell-structure  on  left,  above  engulfed  alveoline;  oblique 
on  right.  Sinjar  Limestone,  Lower  Eocene;  Mamissa,  Balad  Sinjar,  Jabal  Sinjar,  Mosul  Liwa,  north 
Iraq.  BMNH  V51233. 

Fig.  2.  Vertical  section  to  show  banded  growth-layers  of  differing  cell-height.  Sinjar  Limestone,  sub- 
surface Palaeocene;  Kirkuk  Well  no.  116,  Kirkuk  Liwa,  north-east  Iraq.  BMNH  V51234. 

Fig.  3.  Vertical  section  showing  conspicuous  overgrown  attached  foraminifer  (Bullopora  sp.)  at  top 
centre.  Sinjar  Limestone,  subsurface  Palaeocene;  Kirkuk  Well  no.  116,  Kirkuk  Liwa,  north-east 
Iraq.  BMNH  V51234. 

EXPLANATION  OF  PLATE  106 

Solenomeris  o'gormani  Douville,  thin-sections.  Sinjar  Limestone,  subsurface  Palaeocene;  Kirkuk  Well 

no.  116,  Kirkuk  Liwa,  north-east  Iraq. 

Fig.  1.  Calcite-filled  inclusion  (top  centre)  in  the  form  of  a long  lithophyllid  conceptacle;  probably 
oblique  cut  of  Bullopora  sp.;  X40.  BMNH  V51234. 

Fig.  2.  Vertical  section  showing  sharp  arching  of  solenomerid  tissue  over  triangular  inclusion  represent- 
ing original  attached  organism  or  object,  x40.  BMNH  V51234. 

Fig.  3.  Thick  growth  of  Solenomeris  around  large  discocyclinid  foraminifer,  with  overgrown  attached 
Bullopora  sp.,  top  and  bottom  on  right;  X 30.  BMNH  V51235. 
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Solenopora  itself  is  represented  in  the  Tertiary  by  a few  species,  e.g.  S.  chiapasensis 
Maldano-Koerdell  from  the  Palaeocene-Lower  Eocene  of  Mexico,  and  S.  paleoceiiica 
Segonzac  from  the  Thanetian  (Palaeocene)  of  the  French  Pyrenees  (Segonzac  1960).  No 
reproductive  structures  were  noted  by  her,  and  she  suggested  that  perhaps  this  alga, 
one  of  the  last  representatives  of  its  genus,  reproduced  by  vegetative,  non-sexual,  means. 

Neosolenopora  is  the  latest  of  the  Solenoporaceae,  occurring  in  the  Italian  Helvetian 
(Miocene).  Described  originally  as  Litliophyllum  vinassai  (Patrini  1932,  1933),  it  was 
transferred  to  Solenopora  by  Mastrorilli  (1955)  and  given  the  specific  name  patrinii,  as 
it  then  became  a synonym  of  the  Jurassic  Solenopora  vinassai  Vialli,  the  genus  or  sub- 
genus Neosolenopora  being  erected  for  its  reception.  The  species  occurs  also  in  the 
Vindobonian  faluns  of  the  west  of  France,  where  it  has  been  described  as  a bryozoan 
(Canu  and  Fecointre  1934).  As  figured  by  Patrini,  it  shows  a typical  solenoporoid  cell- 
structure,  in  which  he  distinguished  hypothallial  cells  of  0-07-0T0  mm.  diameter  and 
0-10-0T3  mm.  length,  and  perithallial  cells  of  0-6-0T0  mm.  diameter  and  0-25-0-40  mm. 
length.  (Many  of  the  perithallial  cells  in  the  French  specimen  are  very  much  shorter  in 
length  than  this.)  He  also  figured  a specimen  showing  a row  of  clear,  calcite-filled 
sporangia-like  structures,  of  0- 1 3-0-20  mm.  diameter  and  0- 1 7-0-30  mm.  length,  arranged 
on  one  level  as  in  Archaeolithothamnium. 

In  the  French  material  now  figured  the  transverse  section  showed  an  incipient  star- 
group  of  cells  and  one  or  two  cavities  (PI.  108,  fig.  1);  the  vertical  section  shows  an  in- 
cipient hypothallial  basal  layer,  the  cells  turning  up  into  the  main  perithallial  structure 
(PI.  108,  fig.  2).  Sporangia  were  not  seen  in  the  sections  prepared. 

THE  EVOLUTION  OF  THE  SOLENOPORACEAE 

From  the  above  account  it  is  clear  that  the  well-preserved  Solenoporaceae  of  the 
Tertiary  confirm  the  evidence  obtained  from  the  more  abundant  Palaeozoic  and  Meso- 
zoic members  of  the  group.  Some  show  no  evidence  of  reproductive  structures  at  all, 
some  show  doubtful  ones  of  varying  pattern  and  degree  of  probability,  and  very  rarely 
structures  are  seen  which  in  a coralline  would  be  accepted  without  question  as  sporangia 
or  conceptacles : these  do  not  occur  in  all  individuals  of  the  respective  species  concerned. 
The  best  of  these  are  the  conceptacles  of  the  Silurian  Solenopora  filifonnis  Nicholson 
figured  by  Johnson  and  Konishi  (1959),  the  sporangia  of  the  Miocene  Neosolenopora 
patrinii  figured  by  Patrini  (1932),  and  possibly  the  sporangia  of  S.  sardoa  (Deninger) 
Peterhans  figured  by  Peterhans  (1930). 

This  unsatisfactory  picture  appears  well  authenticated.  But  a little  more  light  may  be 
shed  on  it  by  considering  also  the  other,  non-reproductive  features  of  the  Solenoporaceae, 
as  compared  with  the  Corallinaceae,  which  appear  to  have  replaced  and  surpassed  the 
older  family. 

Associated  with  the  almost  invariably  coarser  solenoporacean  cells  is  the  very  rudi- 
mentary differentiation  into  hypothallus  and  perithallus.  In  melobesioid  corallinaceae 
the  hypothallus  is  normally  the  creeping  basal  layer  by  which  the  alga  spreads  itself, 
though  hypothallic  tissue  also  occurs  in  upwardly  directed  digitations  and  as  scar  or 
regeneration  tissue.  The  perithallus  is  the  main  body  of  subsequent  vegetative  tissue  in 
which  the  reproductive  spores  will  eventually  be  produced.  In  corallines  hypothallus  and 
perithallus  are  usually  two  well-defined  parts  of  the  same  plant,  differing  in  the  size  and 
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arrangement  of  their  component  cells;  in  solenoporaceans  the  hypothallus,  when  it  can 
be  seen,  is  simply  the  basal  outwardly  directed  portion  of  the  cell-rows  before  they  bend 
upwards.  For  all  the  evidences  of  rapid  growth  seen  in  Solenomeris,  solenoporaceans 
lacked  the  specialized  mechanism  for  this  purpose  seen  in  the  corallines.  Possibly 
because  of  this,  too,  they  never  (so  far  as  is  known)  evolved  forms  with  jointed  or  articu- 
lated thalli  comparable  with  the  branching  corallines  such  as  Jania,  Coral/ina,  &c., 
unless  the  Upper  Palaeozoic  Cimeiphycus  (Johnson  1960)  represents  such  a development. 

Although  solenoporaceans  occur  from  Lower  Palaeozoic  to  Middle  Tertiary,  they 
never  occupied  the  same  associative  ecological  niche  with  the  reef-building  corals  which 
the  coralline  algae  rapidly  achieved  soon  after  they  became  common.  It  can  be  argued 
that  the  Palaeozoic  tetracorals  and  tabulates  were  different  in  reef-building  properties 
to  the  later  hexacorals.  But  throughout  most  of  the  Mesozoic,  when  hexacorals  abounded 
and  corallines  were  very  rare,  the  solenoporaceans  never  grew  in  association  with  reef- 
corals  as  their  successors  did  throughout  the  Tertiary  and  at  the  present  day:  Mesozoic 
corals  and  solenoporaceans  usually  occur  in  different  beds.  Indeed,  not  until  their  decline 
in  the  Tertiary  are  solenoporaceans  found  in  local  abundance  in  this  environment,  and 
then  they  occur  intergrown  with  the  coralline  algae. 

From  these  considerations  the  following  evolutionary  picture  may  be  suggested.  The 
Solenoporaceae  were  primitive  Rhodophyta  or  red  algae.  Their  cells  were  large  enough 
for  spore-production  at  the  appropriate  season  without  great  individual  enlargement 
(cf.  Oakley  1941);  there  was  thus  little  or  no  arching  over  of  the  surrounding  non-sporing 
vegetative  cells  and  no  consequent  production  of  calcified  sporangia,  and  little  definite 
trace  left  when  the  spores  were  shed.  Occasionally  a solenoporacean  might  have  achieved 
reproductive  structures  of  coralline  pattern,  but  this  advance  in  a single  character  did  not 
occasion  any  marked  evolutionary  advantage.  Not  until  a form  with  smaller  cells 
achieved  the  hypothallial  mechanism  for  spreading  growth  did  the  evolution  of  sporangia 
confer  this  advantage;  possibly  unknown  factors  of  algal  chemistry  were  involved  too. 
Although  the  coralline  Archaeolithophylhim  has  been  described  from  the  Upper  Palaeo- 
zoic (Johnson  1956),  it  was  not  until  the  corallines  of  the  Upper  Cretaceous  became 
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Ao/p/io/iiem  oVo'  mrt/i;  Douville,  thin-sections.  Sinjar  Limestone,  subsurface  Palaeocene;  Kirkuk  Well 

no.  116,  Kirkuk  Liwa,  north-east  Iraq. 

Fig.  1.  Horizcntal  section  through  the  basal  layer  of  two  attached  Bidlopora  sp.,  showing  slightly 
enlarged  spherical  solenomerid  cells  immediately  beneath;  x40.  BMNH  V51234. 

Fig.  2.  Vertical  section  showing  enlarged  solenomerid  cells  immediately  below  calcite  inclusion 
representing  original  attached  organism;  x 80.  BMNH  V51236. 
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Neosolenopora  patrinii  Mastrorilli,  thin-sections,  x40.  Miocene  (Vindobonian;  Savignean  Falun);  La 

Perchals  Quarry,  Trefumel,  south  of  Dinan,  Brittany,  France. 

Fig.  1.  Horizontal  (transverse)  section;  stellate  structure  due  to  wall-failure  or  damage,  top  centre. 
BMNH  V51237. 

Fig.  2.  Vertical  section,  showing  incipient  hypothallus  at  base,  passing  up  into  septate  cell-rows  of 
perithallus.  BMNH  V51238. 

Fig.  3.  Solenomeris  o'gonnani  Douville,  thin-section,  x40.  Calcite-filled  inclusion,  origin  not  certain, 
in  form  of  a short  lithophyllid  ccnceptacle.  Sinjar  Limestone,  subsurface  Palaeocene;  Kirkuk  Well 
no.  116,  Kirkuk  Liwa,  north-east  Iraq.  BMNH  V51239. 
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abundant  that  they  rapidly  expanded  to  fill  the  reef-associations  unexploited  by  the 
solenoporaceans,  and  then  pursued  their  own  evolution.  It  should  be  remembered  that 
in  the  evolution  of  other  algal  families,  e.g.  the  Dasycladaceae,  progressive  elaboration 
of  sexual  structures  has  been  of  apparent  advantage  throughout  geological  history.  In  the 
corallines  the  separate  sporangia  of  ArchaeoJithothammum,  which  reached  its  maximum 
in  the  Eocene  and  now  survives  with  limited  distribution  in  warm  seas,  give  place  to  the 
conceptacles  of  grouped  sporangia  seen  in  Lithothanmium  and  Lithophyllum,  abundant 
later  in  the  Tertiary,  and  even  the  present  distribution  of  these  two  types  suggests  some 
slight  differential  advantage. 

For  a while  in  the  early  Tertiary  a few  Solenoporaceae  such  as  Solenomeris  and  Fara- 
chaetetes  grew  vigorously  in  the  same  environment  as  the  corallines,  but  they  diminished 
after  the  optimum  algal  conditions  of  the  Palaeocene,  and  Neosolenopora  appears  to  have 
been  the  last  of  its  tribe,  unless  some  obscure  alga  living  in  tropical  seas  still  represents 
the  family. 

Specimens  in  the  collections  of  the  British  Museum  (Natural  History)  have  the  prefix  BMNH. 

REFERENCES 

CANU,  F.  and  lecointre,  g.  1934.  Les  bryozoaires  cyclostomes  des  faluns  de  Touraine  et  d’Anjou. 
MAji.  Soc.  geol.  Fr.,  N.s.,  no.  4 (6). 

DOUViLLE,  H.  1924.  Un  nouveau  genre  d’algues  calcaires.  C.R.  Soc.  geol.  Fr.  no.  16,  169-70. 

ELLIOTT,  G.  F.  1955.  Fossil  calcareous  algae  from  the  Middle  East.  Micropaleontology,  1,  125-31. 

1960.  Fossil  calcareous  algal  floras  of  the  Middle  East  with  a note  on  a Cretaceous  problematicum, 

Hensonella  cylindrica  gen.  et  sp.  nov.  Quart.  J.  geol.  Soc.  Loud.  115,  217-32. 

GARWOOD,  E.  j.  1945.  Note  on  the  organs  of  reproduction  in  Solenopora  gracilis.  Proc.  Geol.  Ass., 
Loud.  56,  147-8. 

JOHNSON,  J.  H.  1956.  Archaeolithophvlhan,  a new  genus  of  Paleozoic  coralline  algae.  J.  Paleont.  30, 
53-55. 

1960.  Paleozoic  Solenoporaceae  and  related  red  algae.  Colo.  Sch.  Min.  Quart.  55  (3). 

and  KONiSHi,  k.  1959.  Some  Silurian  calcareous  algae  from  northern  California  and  Japan.  Ibid. 

54  (1),  131-58. 

1960.  An  interesting  late  Cretaceous  calcareous  alga  from  Guatemala.  J.  Paleont.  34,  1099- 

1105. 

KEiJZER,  E.  G.  1945.  Outline  of  the  geology  of  the  eastern  part  of  the  province  of  Oriente,  Cuba.  Geogr. 
geol.  Meded.  (2),  no.  6. 

LEMOiNE,  MME  p.  1911.  Structure  anatomique  des  Melobesiees;  application  a la  classification.  Ann.  Inst, 
oceanogr.  Paris,  2,  no.  2. 

MASLOV,  v.  p.  1956.  Fossil  calcareous  algae  of  the  USSR.  Trav.  Inst.  Sci.  geol.  Akad.  nauk  SSSR,  160, 
1-301.  [In  Russian.] 

MASTRORiLLi,  V.  I.  1955.  Sui  noduli  fossiliferi  di  M.  Vallassa  (Appennino  Pavese).  Atti  1st.  geol.  Univ. 
Pavia,  6,  61-74. 

OAKLEY,  K.  p.  1941.  The  affinities  of  Solenoporaceae.  In  h.  m.  muir-wood  and  k.  p.  oakley.  Upper 
Palaeozoic  faunas  of  North  Sikkim.  Palaeont.  indica,  N.s.,  31  (1). 

OPiK,  A.  and  THOMPSON,  p.  w.  1933.  Uber  Konzeptakeln  von  Solenopora.  Publ.  geol.  Instn  Univ.  Tartu, 
no.  36. 

PATRiNi,  p.  1932.  Su  di  un  nuovo  litofillo  miocenico.  Riv.  ital.  Paleont.  38,  53-60. 

1933.  Noduli  delle  arenarie  elveziane  del  M.  Vallassa  (Appennino  Pavese).  Ibid.  39,  13-16. 

PETERHANS,  E.  1929.  Les  algues  jurassiques  Solenoporella  et  Pseudochaetetes.  Bull.  Soc.  geol.  Fr.  (4), 
29, 1-10. 

1930.  Une  nouvelle  Solenoporacee  du  Tithonique  de  Sardaigne.  Eel.  geol.  Flelv.  23,  37-39. 

PFENDER,  J.  1926.  Sur  les  organismes  du  Nummulitique  de  la  colline  de  San  Salvador  pres  Camarasa. 
Bol.  Soc.  esp.  Hist.  nat.  26,  321-30. 

Z Z 


C 2514 


702 


PALAEONTOLOGY,  VOLUME  7 

PfENDER,  j.  and  BASSE,  E.  1948.  ElkmeUa  nov.  gen.  elegans  nov.  sp.,  organisme  constructeur  de  calcaires 
typiquement  developpe  dans  le  Paleocene  du  SW  Malgache.  Bull.  Soc.  geol.  Fr.  (5),  17,  275-8. 

PiA,  J.  1926.  Pflanzen  als  Gesteinsbildner.  Berlin. 

1927.  Thallophyta.  In  m.  hirmer.  Handbuch  der  Paldobotanik.  Munich- Berlin. 

1936.  Description  of  the  Algae.  In  l.  rama  rao  and  J.  pia.  Fossil  algae  from  the  uppermost 

Cretaceous  beds  (the  Niniyur  Group)  of  the  Trichinopoly  District,  S.  India.  Palaeont.  indica,  n.s., 
21  (4). 

RAO,  s.  R.  NARAYANA  and  VARMA,  c.  p.  1953.  Fossil  algae  from  the  Salt  Range.  Palaeobotanist  (Luck- 
now), 2,  \9-23. 

ROTHPLETZ,  A.  1908.  ijber  Algen  und  Hydrozoen  im  Silur  von  Gotland  und  Oesel.  K.  svenska  Vetensk. 
Akad.  Hand!.  43  (5). 

SCHALEKOVA,  A.  1963.  Die  Algenflora  der  kretazischen  und  palaogenen  Kalksteine  der  Slowakei.  Geol. 
(Bratislava),  14,  165-7. 

SEGONZAC,  G.  1960.  A propos  des  Solenopores  de  Saint-Michel  (Haute-Garonne).  Bull.  Soc.  Hist.  not. 
Toulouse,  95,  7-10. 

1962.  Niveaux  a algues  dans  le  Thanetien  des  Pyrenees  (Corallinacees,  Solenoporacees,  Squama- 

riacees,  Incertae  fainiliae).  Bull.  Soc.  geol.  Fr.  (7)  3,  437-48. 

WOOD,  A.  1944.  Organs  of  reproduction  in  the  Solenoporaceae.  Proc.  Geol.  Ass.,  Fond.  55,  107-13. 

GRAHAM  F.  ELLIOTT 
Exploration  Department, 
Iraq  Petroleum  Co.,  Ltd., 

33  Cavendish  Square, 

Manuscript  received  6 December  1963  London,  W.  1 


THE  PEDICLE  SHEATH  OF  YOUNG 
PRODUCTACEAN  BRACHIOPODS 

by  HOWARD  BRUNTON 


Abstract.  Recent  studies  of  young  silicified  productaceans  from  the  Visean  limestones  of  Co.  Fermanagh, 
Northern  Ireland,  reveal,  for  the  first  time,  that  their  pedicle  valves  were  commonly  furnished  with  a structure 
believed  to  have  been  a pedicle  sheaht. 

One  of  the  principal  features  of  chonetoid  and  strophomenoid  brachiopods  is  the 
variable  development  of  an  open,  supra-apical  sheath  extending  posteriorly  from 
the  beak  of  juvenile  pedicle  valves.  This  structure  is  believed  to  have  accommodated  the 
pedicle  (Williams  1956,  p.  258)  and,  although  the  morphology  of  adult  shells  indicates 
that  the  organ  rarely  persisted  during  late  stages  of  growth,  it  has  played  an  important 
part  in  the  classification  and  morphogeny  of  the  Strophomenida.  Thus  the  productoids 
are  generally  assumed  never  to  have  possessed  even  a pedicle  sheath,  and  this  alleged 
absence  has  been  taken  as  important  evidence  for  the  belief  that  the  spinose  productoids 
evolved  independently  of  the  chonetoids,  the  other  spinose  group  of  the  Strophomenida 
(Muir-Wood  1962,  p.  6).  The  purpose  of  this  note  is  to  report  the  discovery  of  pedicle 
sheaths,  comparable  with  those  of  the  chonetoids  and  strophomenoids,  in  certain  pro- 
ductoid  genera. 

The  material  studied  consists  of  very  finely  silicified  brachiopod  assemblages  that  have 
been  etched  out  of  Visean  argillaceous  limestones  from  Co.  Fermanagh.  Good  growth 
series  of  a number  of  stocks  have  been  recovered  in  this  manner,  including  the  remains 
of  seven  productacean  genera,  viz.  Productina,  Overtonia,  Avouia,  Krotovia,  Plicotifera, 
Eomarginifera,  and  Echinoconchus.  Five  of  these  clearly  show  a structure  on  the  ventral 
beak  which  is  believed  to  be  a pedicle  sheath.  Overtonia  and  Avonia  bear  signs  of  a similar 
feature;  while  Echinoconchus  is  too  imperfectly  represented  to  be  of  use. 

The  pedicle  sheath  is  usually  seen  on  young  shells,  or  pedicle  valves,  about  1-5  mm. 
long,  which  are  commonly  preserved  with  the  protegulal  node  and  all  the  juvenile  spines 
intact,  but  it  has  also  been  observed  on  valves  more  than  8 mm.  long,  like  those  of 
Productina  margaritacea  (Phillips)  (PI.  109,  figs.  2-4).  In  all  genera  the  pedicle  sheath 
appears  as  a short  spine-like  protuberance,  about  0-2  mm.  long  and  between  0-05  mm. 
and  OT  mm.  in  diameter,  arising  from  the  mid-posterior  region  of  the  protegulal  node. 
When  the  protegulal  node  is  bipartite,  as  in  P.  margaritacea,  the  pedicle  sheath  extended 
posteriorly  from  the  median  groove,  while  in  the  more  oval  protegulal  nodes  of  certain 
species  of  Avonia  and  Eomarginifera  it  occupied  the  postero-median  tip  (PI.  109,  figs.  5, 
6).  The  location  of  this  sheath  is  so  close  to  that  of  the  chonetoid  and  strophomenoid 
pedicle  sheath  as  to  preclude  the  possibility  that  it  was  merely  a spine. 

Ventro-anteriorly,  across  the  brephic  pedicle  valve,  there  is  a groove,  commonly 
0-2  mm.  wide,  but  variable  in  depth,  which  is  encircled  by  one  to  three  pairs  of  clasping 
spines.  This  groove  terminates  posteriorly  close  to  the  pedicle  sheath  which  rarely  can 
be  seen  to  have  curved  towards  it  as  if  the  pedicle  had  been  attached  to  a slender  object 

[Palaeontology,  Vol.  7,  Part  4,  1964,  pp.  703-4,  pi.  109.] 
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lying  along  the  groove.  Distortion  in  the  growth  of  the  shell  along  the  edges  of  the 
groove  suggests  that  this  might  have  been  so,  although  the  attitude  of  the  clasping  spines 
is  considered  to  have  been  genetically  controlled. 

It  is  suggested,  therefore,  that  at  least  some  productacean  spats  attached  themselves 
by  means  of  a pedicle  contained  in  an  external  sheath,  which  remained  functional  prob- 
ably only  throughout  the  brephic  stage  of  development.  Whether  attachment  in  this 
manner  was  common  to  all  young  productaceans  remains  to  be  seen,  although  it  may 
be  significant  that  no  traces  of  a pedicle  sheath  have  been  seen  in  the  young  shells  of  two 
strophalosians,  Strophalosia  and  Heteralosia,  which  also  occur  in  the  Fermanagh 
faunas. 
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The  specimens  in  figs.  1-6  were  etched  from  the  Visean  subreefal  argillaceous  limestones  of  the  Sillees 

River,  Bunnahone,  2 miles  north-west  of  Derrygonnelly,  Co.  Fermanagh,  Northern  Ireland.  Figs.  7 

and  8 are  from  the  Mid-Silurian  Waldron  Shales. 

Fig.  1.  Posterior  view  of  a young  chonetid  with  pedicle  sheath  and  grooved  brephic  valve  (x  15). 

Fig.  2.  Posterior  view  of  the  pedicle  valve  of  Prodnctina  margaritacea  (Phillips)  showing  the  pedicle 
sheath  and  grooved  brephic  valve  (X  10). 

Fig.  3.  Antero-dorsal  view  of  the  same  valve  (x  12). 

Fig.  4.  Dorso-posterior  view  of  the  same  valve  showing  the  position  of  the  pedicle  sheath  in  relation 
to  the  protegulal  node  and  grooved  brephic  valve  (x  10). 

Fig.  5.  Antero-dorsal  view  of  a young  Eoinarginifera  sp.  (x20). 

Fig.  6.  Ventral  view  of  a juvenile  Eoinarginifera  sp.  showing  the  pedicle  sheath,  slightly  grooved  brephic 
portion  of  the  valve  and  neanic  clasping  spines  (x  17). 

Fig.  7.  Dorsal  view  of  a juvenile  Eardinia  shell  showing  the  pedicle  sheath  and  dorso-posterior  margin  of 
the  pedicle  valve  ( x 20). 

Fig.  8.  Ventral  view  of  the  same  shell  as  above  (x  20). 
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Extracts  from  the  Annual  Report  of  the  Council  for  1963-4 

Membership.  On  31  December  1963  there  were  1,190  members  (593  Ordinary,  109  Student,  and  488 
Institutional),  a net  increase  of  1 17  members  during  the  year. 

Finance.  The  deficit  in  the  year’s  working  is  £249,  rather  less  than  estimated  in  March  last.  The 
reasons  for  this  are  that  membership  increased  slightly  more  than  estimated  and  sales  were  nearly 
doubled.  The  increases  in  income  offset  rise  in  expenditure  on  Palaeontology  of  over  £1,100,  which  was 
partly  due  to  the  increase  in  printing  costs  operative  from  Volume  6,  Part  2,  and  partly  to  the  under- 
estimated costs  of  Volume  5,  Parts  3 and  4.  Administrative  costs  show  little  change  from  1962. 

Although  the  year’s  working  has  meant  a reduction  in  the  Publications  Reserve  Fund  it  is  gratifying 
that  the  investment  in  Charifund  has  appreciated  by  20  per  cent,  in  the  15  months  up  to  October  last. 
Interest  on  Charifund  has  so  far  been  approximately  the  same  as  on  Defence  Bonds  and  the  year’s 
total  of  interest  is  little  changed  from  1962. 

Currently  the  Association’s  funds  are  maintaining  an  uneasy  balance  between  income  and  expendi- 
ture, but  for  the  future  it  must  be  noted  that  printing  costs  will  undoubtedly  rise  (the  basic  number 
printed  is  being  increased  again  as  from  Volume  7)  and  it  is  not  certain  that  membership  will  continue 
to  increase  in  the  same  proportion.  It  is  thus  important  that  no  effort  should  be  spared  to  increase 
membership  of  the  Association,  and  to  augment  income  from  other  sources. 

‘Palaeontology.’  The  four  parts  of  Volume  6 were  published  during  1963.  They  contained  fifty-five 
papers. 

Meetings.  Five  meetings  took  place  during  1963-4.  The  Association  is  grateful  to  the  Council  of  the 
Geological  Society  of  London,  the  Director  of  the  Geological  Survey  and  Museum,  the  Director  of  the 
Royal  Scottish  Museum,  and  Professor  F.  H.  Stewart  (University  of  Edinburgh)  for  generously  granting 
facilities  for  meetings.  Thanks  are  due  also  to  the  Local  Secretaries  for  their  efficient  services. 

a.  The  Sixth  Annual  General  Meeting  was  held  in  the  Rooms  of  the  Geological  Society  of  London, 
Burlington  House,  London,  W.  1,  on  Wednesday,  6 March  1963,  at  5.0  p.m.  The  Annual  Report 
of  the  Council  for  1962-3  was  adopted  and  the  Council  for  1963-4  was  elected.  Dr.  L.  R.  Cox 
delivered  the  Sixth  Annual  Address  on  ‘Molluscan  Relationships  and  Recent  Finds’. 

b.  A Field  Demonstration  Meeting  was  held  in  the  western  part  of  the  Weald  on  Saturday,  27  April 
1963.  The  theme  was  ‘Facies  and  fauna  in  the  Upper  Aptian  of  the  Western  Weald’.  Dr.  F.  A. 
Middlemiss  was  Leader  and  Local  Secretary. 

c.  A Visit  to  the  Cotswold  Collotype  Co.,  Ltd.,  Wotton-under-Edge,  Gloucestershire  (printers  of 
the  plates  in  Palaeontology),  was  made  on  Wednesday,  22  May  1963,  at  2.30  p.m.  The  Association 
is  most  grateful  to  the  Company  for  making  this  visit  possible. 

d.  A Discussion  and  Demonstration  Meeting  on  ‘Photographic  Techniques  in  Palaeontology’  was 
held  at  the  Geological  Survey  and  Museum,  Exhibition  Road,  London,  S.W.  7,  on  Wednesday, 
23  October  1963,  at  2.30  p.m.  Four  papers  were  read  and  there  were  nineteen  exhibits.  About 
150  persons  attended.  The  Local  Secretary  was  Mr.  J.  D.  D.  Smith. 

e.  A Discussion  Meeting  on  ‘Fossils  and  Stratigraphical  Classification’  was  held  in  the  Royal 
Scottish  Museum,  Edinburgh,  and  the  Grant  Institute  of  Geology,  West  Mains  Road,  Edinburgh, 
on  Eriday/Saturday,  13/14  December  1963.  About  sixty  persons  attended.  Nine  papers  were  read 
during  two  sessions  and  there  were  seventeen  exhibits.  A Palaeontological  Association  Dinner 
was  held  in  the  University  Staff  Club,  Chambers  Street,  Edinburgh,  on  13  December.  Dr.  C.  D. 
Waterston  was  Local  Secretary. 

Council.  The  following  were  elected  members  of  the  Council  of  the  Association  for  1963-4  at  the 
Annual  General  Meeting  on  6 March  1963:  President'.  Professor  T.  Neville  George.  Vice-Presidents'. 
Professor  O.  M.  B.  Bulman,  Dr.  W.  H.  C.  Ramsbottom,  Dr.  L.  R.  Cox;  Treasurer.  Dr.  T.  D.  Ford; 
Secretary:  Dr.  C.  H.  Holland;  Editors:  Mr.  N.  F.  Hughes,  Dr.  W.  C.  McKerrow,  Dr.  Gwyn  Thomas, 
Dr.  I.  Strachan;  Other  members:  Dr.  C.  G.  Adams,  Dr.  F.  M.  Broadhurst,  Dr.  W.  J.  Clarke,  Dr.  W.  T. 
Dean,  Dr.  C.  Downie,  Dr.  R.  Goldring,  Dr.  M.  R.  House,  Mr.  M.  Mitchell,  Dr.  J.  W.  Neale,  Professor 
F.  H.  T.  Rhodes,  Dr.  A.  J.  Rowell,  Dr.  R.  J.  G.  Savage,  Dr.  C.  D.  Waterston,  Mr.  C.  W.  Wright. 
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BALANCE  SHEET  AND  ACCOUNTS 
FOR  THE  YEAR  ENDING  31  DECEMBER  1963 


Balance  Sheet 

Liabilities 

Publications  Reserve  Account 

Balance  as  per  Annexed  Account  ...... 

Amounts  Received  in  advance: 

Subscriptions  for  1964  ....... 

Special  donations  towards  cost  of  Palaeontology,  Vol.  6 

Provision  for  Cost  of  Publication  of  Palaeontology,  Vol.  6,  as  per 
Income  and  Expenditure  Account  ...... 

Less  Expenditure  incurred  to  31  December  1963 

Sundry  Creditors  ......... 


i,  s.  d.  £ s.  d. 

4,667  6 8 

427  15  9 

427  15  9 

6,478  13  3 
5,101  7 0 

1,377  6 3 

51  15  10 


Note:  No  amount  has  been  included  in  these  Accounts  for  Subscrip- 
tions unpaid  which  at  31  December  1963  amounted  to  £346.  

£6,524  4 6 


Assets 

Office  equipment  at  cost  ..... 
Less  Depreciation  to  date  .... 

Investments  at  cost; 

Equities  Investment  Fund  for  Charities — 958  Units 
5%  Defence  Bonds  ..... 

Sundry  Debtors  and  Payments  in  Advance: 

Authors  for  reprints  ..... 

Donations  ....... 

Subscriptions  unpaid  ..... 

Advance  payments  re  Palaeontology,  Vol.  7 

Cash  at  Bank — Deposit  Account 
Current  Account 


22  6 9 
2 2 8 

20  4 1 

999  18  3 
4,000  0 0 

4,999  18  3 

296  9 10 


105  11  3 

402  1 1 

625  19  9 
476  1 4 

1,102  1 1 


£6,524  4 6 


Report  of  the  Auditors  to  the  Members  of  the  Palaeontological  Association.  We  have  examined  the  above  Balance 
Sheet  and  annexed  Income  and  Expenditure  Account  which  in  our  opinion  give  respectively  a true  and  fair 
view  of  the  state  of  the  Association’s  affairs  as  at  31  December  1963  and  of  its  income  and  expenditure  for  the 
year  ended  on  that  date. 

BAKER  BROS.  HALFORD  CO. 

Chartered  Accountants 
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Income  and  Expenditure  Account 


Expenditure 

£ 

S, 

d. 

£ 

s. 

d. 

To  Provision  for  cost  of  publication  of  Palaeontology 

Vol.  6,  Part  1 . 

1,625 

6 

2 

Part  2 

1,583 

13 

5 

Part  3 

1,519 

13 

8 

Part  4 

1,750 

0 

0 

6,478 

13 

3 

Vol.  5 — further  cost  ...... 

548 

1 

6 

7,026 

14 

9 

Administrative  Expenses: 

Postage  and  stationery  ..... 

63 

1 

8 

Insurance  ....... 

1 

19 

10 

Audit  fee  ....... 

10 

10 

0 

Miscellaneous  ....... 

14 

18 

1 

Cost  of  distribution  of  publications 

41 

11 

7 

Honorarium  to  Assistant  to  Treasurer 

— 

Duplicating  and  dispatching  circulars,  &c.  . 

104 

6 

4 

Depreciation  of  office  equipment 

2 

2 

8 

Brochures  ....... 

161 

6 

2 

399 

16 

4 

£7,426 

11 

1 

Income 

By  Subscriptions  ....... 

4,243 

7 

11 

Sales  of  publications  ...... 

1,843 

8 

11 

Interest  received : 

5%  Defence  Bonds  ...... 

202 

9 

3 

Bank  Deposit  Account  ..... 

18 

7 

8 

Equities  Investment  Eund  for  Charities 

51 

1 

10 

271 

18 

9 

Special  donations  ...... 

293 

13 

5 

General  donations: 

British  Petroleum  Co.  Ltd.  .... 

250 

0 

0 

Texaco  ....... 

175 

0 

0 

Burmah  Oil  Co.  Ltd.  ..... 

100 

0 

0 

525 

0 

0 

Excess  of  Expenditure  over  Income  for  the  year  transferred  to 

Publications  Reserve  Account 

249 

2 

1 

£7,426 

11 

1 

Publications  Reserve 

Account 

£ 

s. 

d. 

To  Transfer  of  Excess  of  Expenditure  over  Income  for  the  year 

249 

2 

1 

Balance  per  Balance  Sheet  ..... 

4,667 

6 

8 

£4,916 

8 

9 

Balance  at  31  December  1962  .... 

5,266 

8 

9 

Less  General  Donations  for  1962  not  received 

350 

0 

0 

£4,916 

8 

9 

INDEX 


Pages  1 to  172  are  contained  in  Part  1 ; pages  173  to  350  are  in  Part  2;  351  to  524  in  Part  3;  and  525  to  704 
in  Part  4.  Figures  in  Bold  Type  indicate  plate  numbers. 


A 

Acanthophyllum  {Neostringophylliim)  concavum,  12. 

Acanthotrilites,  566;  imdtisetus  major,  566,  89;  cf. 
horridus,  567,  89;  sp.  A,  567,  89. 

Achomosphaera  ramuUfera,  45,  9. 

Aciiiosporites,  577;  acanthomammillatiis,  577,  91;  sp. 
A,  579,  91;  parviomatus,  578,  91;  macrospinosiis, 
578,  91. 

Acrocythere  hauteriviana,  324. 

Actinocythereis  allisoni,  418. 

Algae:  Solenoporaceae,  695,  dasycladaean,  181 ; Dino- 
phyceae,  472. 

Allison,  E.  C.  See  Zullo,  V.  A. 

Amphicytherura  iniqiia,  414. 

Amsden,  T.  W.  Brachial  plate  structure  in  the  brachio- 
pod  family  Pentameridae,  220. 

Amyelon,  186;  iowense,  187,  33-37;  radicans,  187,  204. 

Anapicidalisporiies  petihis,  571,  89. 

Anaplanisporites,  362;  denticidalus,  363,  58. 

Anderson,  F.  W.  The  Law  of  ostracod  growth,  85. 
See  also  Sohn,  I.  G. 

Anguisporites  minutus,  250,  44. 

Anthraconectes,  478;  mazonensis,  479,  77;  movseyi, 
490,  78,  79. 

Apicidatisporis,  363;  variocorneus,  363,  58;  decorus, 
248,  44;  nucroconus,  566,  89. 

Apteodinium  grande,  52,  6. 

Argilloecia  constricta,  403. 

Asconidium,  40;  scabrosum,  40,  5;  verrucosum,  41,  5. 

Aiiroraspora,  585;  batteola,  "ill,  61;  macromanifestiis, 
586,  93;  macromanifestus  major,  586,  93;  minuta, 
586,  93. 

B 

Bairdia  sp.,  318,  54. 

Bairdoppdata  cretacea,  400. 

Baltisphaeridiiim,  ferox,  55,  10;  hirsiitiim,  55,  10. 

Barrandina,  232. 

Belemnopsis  stolleyi,  622,  95. 

Belli  spores  bell  ns,  375,  60. 

Beyrichoceras  trevallynense,  689,  103. 

Biharisporites  parviornatns,  575,  90. 

Bivalvia:  palaeotaxodonts  from  Permian,  630;  denti- 
tion in  Permophoriis,  281. 

Black,  M.  Cretaceous  and  Tertiary  coccoliths  from 
Atlantic  seamounts,  306. 

BoellstorlT,  J.  D.  See  Fagerstrom,  J.  A. 

Botryococcus,  661,  100. 

Brachiopoda:  brachial  structures  in  Pentameridae, 
220;  productacean  pedicle  sheath,  703;  Delepinea 
from  New  South  Wales,  514;  Juresania  classifica- 
tion, 23;  from  Brendon  Hills,  1;  function  of  zigzag 
deflexions,  135. 

Brachycythere  darensis,  405. 


Brooksina  alaskensis,  40. 

Broome  a cf.  jaegeri,  53,  11. 

Brown,  D.  A.,  Campbell,  K.  S.  W.,  and  Roberts,  J. 
A Visean  cephalopod  fauna  from  New  South 
Wales,  682. 

Brunton,  H.  The  pedicle  sheath  of  young  productacean 
brachiopods,  703. 

C 

Calamospora  pammcea,  563,  88;  sp.,  245,  44. 

Calyptosporites  velatus,  587,  93. 

Cambrian:  new  trilobite  genus,  458. 

Cambridge  Greensand:  microplankton,  37. 

Campbell,  K.  S.  W.,  and  Roberts,  J.  Two  species  of 
Delepinea  from  New  South  Wales,  514. 

Campbell,  K.  S.  W.  See  Brown,  D.  A. 

Camptotriletes,516',  cf. corrugatus,  576,  90;  verrucosus, 
576,  90;  sp.,  249,  44. 

Canningia  minor,  43,  8. 

Cannosphaeropsis  densa,  46,  10. 

Carboniferous:  Amyelon  in  American  coal-balls,  186; 
New  South  Wales  cephalopod  faunas,  682;  pterido- 
sperm  fructification,  60;  Pennsylvanian  Juresania, 
23;  Delepinoceras  in  North  America,  173;  Delepinea 
from  New  South  Wales,  514;  starfish  traces  from 
Ireland,  508;  miospore  assemblages  in  Yorkshire, 
656;  miospores  from  Drybrook  Sandstone,  351; 
ventral  anatomy  of  eurypterid,  474;  dasycladacean 
algae,  181. 

Carpodinium  obliquicostatum,  48,  6. 

Cephalopoda:  belemnites,  606,  621;  Visean  faunas, 
682;  Delepinoceras,  173;  Leurocycloceras,  525; 
ammonite  Juraphyllitidae,  286. 

Chaloner,  W.  G.,  and  Pettitt,  J.  M.  A seed  megaspore 
from  the  Devonian  of  Canada,  29. 

Cldamydopliorella  nyei,  54,  6. 

Cirratriradites,  375;  saturni,  375,  60;  surangei,  250, 

44,  45. 

?Clithrocytheridea  sp.,  325. 

Clorindella  areyi,  236,  42. 

Coal-balls:  American,  186. 

Coccolithophorida:  from  sea  mounts,  306. 

Coccolithus,  308;  lusitanicus,  308,  50;  marismontium, 
309,  51,  52;  muiri,  309,  50;  turbatus,  310,  50. 

Coelenterata:  MetriophyUum,  108;  periodicity  in  coral 
growth,  552;  Cystiphyllites,  452;  corals  from  Bren- 
don Hills,  1 ; correlation  Canadian  Devonian, 
430. 

Colvillea,  310;  barnesae,  311. 

Conchidium  munsleri,  229,  40. 

Conodicoelites,  613;  keeuwensis,  614,  94;  meyrati,  615; 
sulcacutus,  waageni,  616,  94. 

Convoliitispora  cerebra,  576,  90;  tumulosa,  659,  99. 
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Cookson,  I.  C.,  and  Hughes,  N.  F.  Microplankton 
from  the  Cambridge  Greensand  (Mid-Cretaceous), 
37. 

Corbulispora  subalveolaris,  368,  59. 

Coiclaires,  roots,  205. 

Coronifera  oceanica,  56,  9. 

Corystisporites  midtispinosus,  570,  89. 

Cvassispova,  375;  kosankei,  376,  60. 

Cretaceous:  coccoliths  from  Atlantic  seamounts,  306; 
microplankton  from  Cambridge  Greensand,  37; 
ostracods  from  California,  393;  palaeoecology  of 
transition  zone,  266. 

Cridland,  A.  A.  Amveloii  in  American  coal-balls,  186. 

Cribwsporites,  379;  aibellatus,  380,  61. 

Cycadopites,  261 ; sp.  A,  261,  46;  sp.  B,  261,  46. 

Cyclogianisporites,  245 ; cf.  minutus,  360,  57 ; cf.  parvi- 
piincfariis,  246,  44;  varius,  245,  44. 

Cyclonephelium,  44;  cf.  densebarbatiim,  44,  10; 

membrampborum,  44,  10. 

Cysrihalysites,  452;  blakewayensis,  456,  74;  west- 
wooden  sis,  453,  74. 

Cystosporites,  30;  devonicus,  30,  3,  4;  giganteus,  4; 
verrucosus,  4. 

Cythereis,  327;  angulata,  327,  54;  brooksi,  419; 
cristata,  328,  54. 

Cytlierella,  396;  terminopunctata,  396;  elliotti,  397. 

Cytherelloidea,  398;  directiangula,  399;  inilowi,  398; 
sp.,  318,  54. 

Cytheropteron,  319;  coryelli  carlsbadensis,  409;  (C.) 
vesiculosum,  3 1 9, 55 ; ( Eocytheropteron)  comptonense, 
319,  54;  ?C.  costuUferum,  320. 

Cytherura  ( ?)  divaricata,  407 ; reticulosa,  318,  55. 

D 

Delepinea,  514;  aspiuosa,  519,  80,  81;  gloucesterensis, 
522,  81,  82. 

Delepinoceras,  176;  bressoiii,  176,  30;  thallassoides, 
178. 

Delevoryas,  T.  A probable  pteridosperm  micro- 
sporangiate  fructification  from  the  Pennsylvanian 
of  Illinois,  60. 

Delops  obtusicaudatus,  541, 84;  nobilis  nobilis,  545,  85; 
uobilis  marri,  546,  84,  85. 

Dendrostella,  434;  trigemme,  434,  62. 

Densosporites  orcadensis,  580,  92. 

Devonian:  seed  megaspore,  514;  Traquairaspis  from 
Canada,  210;  Metriophylhini,  108;  correlation  by 
tetracorals,  430;  spore  assemblages  from  Scotland, 
559;  periodicity  in  coral  growth,  552;  corals  and 
brachiopods  from  Brendon  Hills,  I. 

Dibolisporites,  568;  echinaceus,  568;  cf.  correctus,  568, 
89:  cf.  gibberosus  major,  569,  89. 

Dicoelites,  608;  biscissus,  611;  dicoelus,  610,  94; 
bisulcatus,  613;  sp.,  613;  lenisulcatus,  6\2-.  mihanus, 
611,  94. 

Dictyotriietes,  366;  cf.  clatriformis,  367,  58,  59; 
sagenoformis,  361,  59. 

Dineley,  D.  L.  New  specimens  of  Traquairaspis  from 
Canada,  210. 

Diplotesta  anglica,  56,  11. 

Dohcythere  rara,  322,  55 


Donovan,  D.  T.  See  Howarth,  M.  K. 

Dryopithecus  punjabicus,  132,  20. 

Durham,  J.  W.  See  Zullo,  V.  A. 

E 

Echinodermata:  Salenia  in  Pacific,  331 ; starfish  from 
Ireland,  508. 

Elliott,  G.  F.  Tertiary  solenoporaean  algae  and  the 
reproductive  structures  of  the  Solenoporaceae,  695. 

Eocytheropteron  turgiduluin,  410. 

Eoniarginifera  sp.,  109. 

Ericsonia,  311;  alternans,  312,  52 ; ovalis,  312,  52 ; 
occidentalis,  311,  52. 

Estaingia,  462;  bilobata,  463,  75,  76. 

Eucytherura,  320;  chapniani,  320,  55;  nettletonensis, 
321, 55  ; planolata,  412;  spinata,  413;  versabilis,  410. 

Eurypterida:  anatomy  of  Anthraconenctes,  474. 

Exogyra  costata,  271. 

F 

Fabasporites,  378;  paUidus,  379,  61. 

Fagerstrom,  J.  A.,  and  Boellstorff,  J.  D.  Taxonomic 
criteria  in  the  classification  of  the  Pennsylvanian 
productoid  Juresania  nebrascensis,  23. 

Fardinia  sp.,  109. 

Favocentruni,  313;  hilli,  314,  53;  laughtoni,  313,  53; 
matthewsi,  3 1 4,  53. 

Fimbriaesporites,  259 ; fimbriatus,  260,  46. 

Fish:  Traquairaspis  from  Canada,  210. 

Florinites  spp.,  378,  61. 

Froniea  amphora,  54,  10. 

Furnish,  W.  M.,  Quinn,  J.  H.,  and  McCaleb,  J.  A. 
The  Upper  Mississippian  ammonoid  Delepinoceras 
in  North  America,  173. 

G 

Galaticeras,  287 ; jacksoni,  289,  48. 

Glyptoleda,  644;  flexuosa,  650,  98;  glomerata,  648; 
intricata,  648,  98. 

Gonyaulacysta  scarburghensis.  All. 

Gonyaulax,  42;  cassidata,  42,  5;  edwardsi,  43,  5. 

Granulatisporites,  359;  granulatus,  359,  57;  cf.  micro- 
granifer,  360,  57 ; parvus,  245,  44. 

GrvpophvUum,  439;  gracile,  440,  68;  graciliseptatum, 
441,  67. 

Gypidula  coeymanensis,  40. 

H 

Harpidium  insignis,  40. 

Heliophyllum  halli,  87;  ? sp.,  86,  87. 

Heterophrentis  percevali,  7. 

Hexagonifera  chlamydata,  53,  10. 

Hibbert,  A.  F.  See  Sullivan,  H.  J. 

Holden,  J.  C.  Upper  Cretaceous  ostracods  from  Cali- 
fornia, 393. 

Holland,  C.  H.  On  the  nautiloid  Leiirocyc/oceras  from 
the  Ludlovian  of  Wales  and  the  Welsh  borderland, 
525. 

Holwill,  F.  J.  W.  The  coral  genus  Metriophyllum 
Edwards  and  Haime,  108. 
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Howarth,  M.  K.,  and  Donovan,  D.  T.  Ammonites  of 
the  Liassic  family  Juraphyllitidae  in  Britain,  286. 

Hughes,  N.  F.  See  Cookson,  I.  C. 

Hunter,  H.  A.,  and  Langston,  W.  Odontoma  in  a 
northern  mammoth,  674. 

Hystrichodiniiim  alatum,  43,  5. 

Hystrichosphaera,  45;  furcata,  45,  9;  ramosa,  45,  9. 

Hystrichosphaeridium,  46;  anconferwn,  47,  9;  arwi- 
dum,  47,  9;  complex,  46,  9;  recwvatitm  polypes,  47, 
9;  siphoniphorum,  48,  9;  slellaliim,  48,  9. 

I 

Idiocytheve,  422;  triebeli,  422. 

Iraqispora  labrata,  243,  44. 

Isocythereis,  423;  carlsbadeiisis,  423. 

J 

Jurassic:  ammonite  family  Juraphyllitidae,  286; 
Gonyaiilocysta  (Dinophyceae),  472;  new  belemnites 
from  Indonesia,  621 ; belemnite  genera,  606. 

Jw  esania  nehrascensis,  23,  2. 

K 

Kaar,  R.  F.  See  Zullo,  V.  A. 

Kalyptea  monoceras,  54,  11. 

Kaye,  P.  Revision  of  the  Ostracoda  from  the  Bargate 
Beds  in  Surrey,  317. 

Knightoceras  ? sp.,  685,  103. 

Kraeuselisporites,  260;  obsciinis,  261,  46. 

Krinsley,  D.,  and  Schneck,  M.  The  palaeoecology  of 
a transition  zone  across  an  Upper  Cretaceous 
boundary  in  New  Jersey,  266. 

Krithe  ciishmani  carlsbadensis,  406. 

L 

Laevigatosporites,  376;  maximus,  376,  60;  sp.,  251,  45. 

Latosporites,  251;  ficoides,  251,  45;  intragranulosus, 
251,  45. 

Leiotriletes,  241,  356;  atshanensis,  241,  44;  cf.  gracilis, 
242,  44;  magnificus,  241,  44;  plicatiis,  356,  57;  cf. 
priddyi,  356,  57;  pyramidaliis,  357,  57;  ranis,  242, 
44;  tiirgidus,  659,  99;  sp.  A,  560,  88. 

Leurocycloceras  whitcliffense,  527,  83. 

Lewarne,  G.  C.  Starfish  traces  from  the  Namurian  of 
County  Clare,  Ireland,  508. 

Logan,  A.  The  dentition  of  the  Durham  Permian 
pelecypod  Permophorus  coslatiis  (Brown),  281. 

Lophotriletes,  247,  360 ; labiatus,  360,  57 ; novicus,  247, 
44;  sparsus,  247,  44;  sp.,  247,  44;  tribulosus,  361,  57. 

Liieckisporites  sp.,  257,  46. 

Lycopodiumsporites  sp.,  249,  44. 

Lycospora  sp.,  4. 

M 

McCaleb,  J.  A.  See  Furnish,  W.  M. 

?Macrodeiitina  sp.,  324,  54. 

Mammalia:  odontoma  in  mammoth,  674;  Miocene 
anthrapoids,  124. 

Mammuthus,  100. 

Marshall,  A.  E.,  and  Smith,  A.  H.  V.  Assemblages  of 


miospores  from  some  Upper  Carboniferous  coals 
and  their  associated  sediments  in  the  Yorkshire 
coalfield,  656. 

Mesophyllum  (Arcopbyllum)  sandhillense,  13. 

Mesoxylon  nauertianum,  roots,  203. 

Metriophylluin,  109;  battersbyi,  117;  bouchardi.  111, 
16,  17,  18,  19;  carbonaria,  119;  carinatum,  119,  16; 
deminutivum,  119;  erisma,  \2Q ; gracile,  114,  17,  18; 
ilitcliense,  121 ; laeve,  116;  litiium,  116,  18;  posbiense, 
121 ; (Aemulopbyllwn)  exigiaim,  120. 

Microplankton:  Cambridge  Greensand,  37. 

Microreticulatisporites,  366;  densus,  366,  58. 

Mooreoceras  regidare,  683,  102. 

Mosidipollenites,  253;  circularis,  254,  45. 

N 

Nanopora,  181 ; anglica,  182,  31,  32;  fragilissima,  184. 

Neocythere,  324;  (N.)  vanveeni,  324,  54,  55;  {Centro- 
cvthere)  denticidata,  324;  (Pliysocvthere)  fornicala, 
404. 

Neoraistrickia,  364;  drvbrookensis,  364,  58;  pilata, 
248,  44. 

Neosoleiwpora  patrinii,  108. 

Niicidopsis,  632;  glendonensis,  633,  96;  imperta,  633, 
96;  oviformis,  634,  96. 

Nuciindata,  641;  obliqua,  645,  97;  prolonga,  646,  97; 
imdata,  642,  97. 

Nuskoisporites  sp.,  253,  45. 

O 

Odontochitina  cf.  striatoperforata,  52,  11. 

Orthoceratites  imbricatus,  525,  marloense,  525. 

Ostracoda:  law  of  growth,  85;  from  Californian  Cre- 
taceous, 393 ; ontogeny  of  Theriosynoecimi,  72;  from 
Bargate  Beds,  317. 

P 

Paijenborchella  pseudotrigona,  415. 

Palaeoliystricbophora  infiisorioides,  43,  5. 

Palaeoperidimum,  49;  castanea,  49,  5;  spinosiim,  49,  8. 

Parachaetetes  asvapatii,  104. 

Paracypris  fragilis,  402. 

Pedder,  A.  E.  H.  Correlation  of  the  Canadian  Middle 
Devonian  Hume  and  Nahanni  formations  by  tetra- 
corals,  430. 

Pentamerella  arata,  233,  40. 

Pentamerinae,  225. 

Pentameridae,  220. 

Pentameroides,  221;  siibrectiis,  41. 

Pentamerus  cf.  oblongiis,  40,  42. 

Permian:  dentition  of  Permophorus,  281;  miospores 
from  Iraq,  240;  New  Zealand  bivalves,  630. 

Permophorus  costatus,  28 1 , 47. 

Perotrilites  conatus,  580,  91. 

Pettitt,  J.  M.  See  Chaloner,  W.  G. 

Platycosta,  420 ; oena,  42 1 . 

Platysaccus  papiliouis,  259,  46. 

Pleistocene:  odontoma  in  mammoth,  674. 

Pocock,  K.  J.,  Estaingia,  a new  trilobite  genus  from 
the  Lower  Cambrian  of  South  Australia,  458. 
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Polidevcia,  637;  antiqiiadrata,  639,  96;  nodidosa,  641; 
ovata,  638,  96. 

Pototiieisporites,  254;  bilateralis,  254,  45;  cf.  neglect  us, 
255,  45;  sp.,  255,  45. 

Prasad,  K.  N.  Upper  Miocene  anthropoids  from  the 
Siwalik  Beds  of  Haritalyangar,  Himachal  Pradesh, 
India,  124. 

Prenmoxylon  iowense,  203. 

Product ina  margaritacea,  109. 

Protocythere  inoniata,  325,  55. 

Pseudobythocythere  vellicata,  323,  54,  55. 

Pseudoceratium,  5 1 ; dettnwnnae,  51,7;  turneri,  51,6. 

Punctatisporites,  243,  358 ; arenosus,  659, 99;  confossiis, 
561,  88;  marattioides,  251,  45;  obliquus,  243,  44; 
ocellatus,  359,  57;  papillosus,  364,  58;  platyrugosus, 
358,  57;  puuctatus,  358,  57;  pyramidicus,  244,  44; 
spathulatus,  244,  44;  sp.,  245,  44. 

Q 

Quadratonucula  asynviietrica,  636,  96. 

Quinn,  J.  H.  See  Furnish,  W.  M. 

R 

Radiastraea,  446;  arachne,  447,  72,  73;  verrilli,  447, 

71,  72. 

Radiculites  reticulatus,  205. 

Raistrickia,  574;  sp.  A,  574,  90;  sp.  B,  574,  90;  cf. 
clavata,  575,  90;  spp.,  365,  58. 

Retusotriletes,  563;  dubius,  564,  88;  distinct  us,  565, 
88;  sp.,  245,  44. 

Rliabdosporites,  588;  langi,  589;  parvulus,  588,  93; 
sp.  A,  589,  93. 

Richardson,  J.  B.  Middle  Old  Red  Sandstone  spore 
assemblages  from  the  Orcadian  basin  north-east 
Scotland,  559. 

Rickards,  R.  B.  Two  new  genera  of  Silurian  phacopid 
trilobites,  541. 

Roberts,  J.  See  Brown,  D.  A. 

Rottnestia  borussica,  53,  9. 

Rudwick,  M.  J.  S.  The  function  of  zigzag  deflexions 
in  the  commissures  of  fossil  brachiopods,  135. 

S 

Salenia,  339;  alT.  mexicana,  346,  56;  schencki,  343,  56; 
scrippsae,  339,  56. 

Samarisporites  megaformis,  582,  92. 

Sarjeant,  W.  A.  S.  New  name  and  diagnosis  for  an 
Upper  Jurassic  species  of  Gonyaulacysta  (Dinophy- 
ceae),  472. 

Savitrisporites,  373;  asperatus,  374,  60;  concavus,  661, 
99;  nux,  373,  60. 

Schneck,  M.  See  Krinsley,  D. 

Schopfites  lateralis,  246,  44. 

Schopfitheca  boulayoides,  60,  12. 

Schuizospora  ocellata,  377,  61. 

Scriniodinium?  campanula,  41,  7. 

Scrutton,  C.  T.  Periodicity  in  Devonian  coral  growth 
552. 

Sieberella  roeineri,  40,  43. 

Silurian:  nautiloid  Leurocycloceras,  525;  two  genera 
of  trilobites,  541 ; Cystihalysites  from  Wenlock,  452. 


Siniozonotriletes  siblyana,  369,  59. 

Singh,  H.  P.  A miospore  assemblage  from  the  Per- 
mian of  Iraq,  240. 

Sivapithecus,  128;  indicus,  130,  20;  sivalensis,  128, 
20;  sp.,  131,  20. 

Smith,  A.  H.  V.  See  Marshall,  A.  E. 

Sociopliylluni,  444;  glomeratidum,  445,  69,  70. 

Sohn,  I.  G.,  and  Anderson,  F.  W.  The  ontogeny  of 
Theriosynoecum  fittoni  (Mantell),  72. 

Solenonieris  o'gonnani,  105,  106,  107. 

Spinocyrtia  ascendens,  1 7,  1 . 

?Spinozonotriletes  cf.  nauinovii,  583,  92. 

Spores:  from  Drybrook  Sandstone,  351 ; Permian  mio- 
spores,  240;  megaspore  seed,  29;  O.R.S.  assem- 
blages, 559;  microsporangiate  fructifications,  60; 
from  Yorkshire,  656;  spore-bearing  structure,  64. 

Stanley,  J.  W.  Serial  sectioning  of  steinkerns,  105. 

Steinkerns,  serial  sectioning  of,  105. 

?Stenozonotriletes  inequaeniarginalis,  581,  88. 

Stephodinium  europaicuin,  50,  8. 

Stereolasma  rectum,  16;  ungulata,  16. 

Stevens,  G.  R.The  belemnite  genera  Dicoelites  Boehm 
and  Prodicoelites  Stolley,  606. 

— A new  belemnite  from  the  Upper  Jurassic  of 
Indonesia,  621. 

Striatites,  251  \ medius,  257,  46;  richteri,  257,  46. 

Striatopodocarpites  crassus,  258,  46. 

Struveria  howgillensis,  549,  85. 

Sugrivapithecus  gregoryi,  131,  20. 

Sullivan,  H.  J.  Miospores  from  the  Drybrook  Sand- 
stone and  associated  measures  in  the  Forest  of  Dean 
basin,  Gloucestershire,  351. 

— and  Hibbert,  A.  F.  Tetrapteris  visensis — a new 
spore-bearing  structure  from  the  Lower  Carboni- 
ferous, 64. 

Sutton,  I.  D.  The  tabulate  coral  genus  Cystihalysites 
from  Wenlock  and  Dudley,  452. 

T 

Tabulophyllum  sp.,  87. 

Taimyrophyllum,  436;  grande,  437,  63,  64;  speciosum, 
437,  63,  64;  triadorum,  437,  62,  64,  65;  vescibal- 
teatum,  438,  65,  66. 

Tertiary:  Miocene  anthropoids  from  India,  124;  cccco- 
liths  from  Atlantic  sea  mounts,  306;  Bargate  Beds 
ostracods,  317;  solenoporacean  algae,  695. 

Tetrapteris  visensis,  64,  13,  14. 

Thamnophyllum  caespitosum,  9. 

Thamnopora  polyforata,  1 5. 

Theriosynoecum  fittoni,  73,  15. 

Thomasaria  gibbosa,  19,  1. 

Thymospora  opaqiia,  252,  45. 

Trachyleberis  acuminata,  416. 

Tragophylloceras,  291;  carinatum,  303,  49;  ibex,  299, 
49;  loscombi,  301,  49;  numismale,  295,  48;  un- 
dulatum,  297,  48,  49. 

Traquairaspis,  211;  denisoni,  211,  38;  svmondsi,  215,, 

39. 

Trigonopyxidia  ginella,  57,  11. 

Trileites  langi,  562,  88. 
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Trilobita:  from  Australian  Cambrian,  458;  new 
Silurian  genera,  541. 

Triquitrites,  369;  iraqiensis,  249,  44;  tricownatus,  369, 


Utaratida,  443;  laevigata,  443,  68. 


V 

Vallatisporites,  370;  ciliaris,  370,  59;  communis,  "ill, 
59;  gaiearis,  372,  59. 

Veenia  robusta,  326,  54. 

Verrucosisporites,  572;  premnus,  572,90;  cf.  imcatus, 
572,  89;  cf.  grandis,  573,  89;  cf.  iebedianensis,  573, 
89;  cf.  prose urnis,  573,  90. 

Veryhachium  reductum,  56,  11. 

Vesicaspora,  258;  obiiqua,  259,  46;  sp.,  259,  46. 
Vestigisporites,  255;  densus,  256,  46;  granuiosus,  256, 
46. 

Vestinautilus  sp.,  687,  102. 

Vitreisporites  cf.  signatus,  258,  46. 


W 

Waltzispora,  361 ; planiangidata,  362,  57. 

Waterhouse,  J.  B.  Palaeotaxodont  bivalves  from  the 
Permian  of  New  Zealand,  630. 

Webby,  B.  D.  Devonian  corals  and  brachiopods  from 
the  Brendon  Hills,  West  Somerset,  1. 

Wills,  L.  J.  The  ventral  anatomy  of  the  Upper 
Carboniferous  eurypterid  Anthraconectes  Meek  and 
Worthen,  474. 

Wood,  A.  A new  dasycladacean  alga,  Nanopora,  from 
the  Lower  Carboniferous  of  England  and  Kazakh- 
stan, 181. 

X 

Xestoieberis,  425;  mimita,  425. 

Z 

Zullo,  V.  A.,  Kaar,  R.  F.,  Durham,  J.  W.,  and  Allison, 
E.  C.  The  echinoid  genus  Salenia  in  the  eastern 
Pacific,  331. 
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